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REACTION OF OAT VARIETIES TO PHYSIOLOGIC RACES 
OF LOOSE AND COVERED SMUTS OF RED OATS^ 

By George M. Reed, ciiratorj Brooklyn Botanic GardeUf and T. R. Stanton, 
senior agronomist^ Division of Cereal Crops and Diseases, Bureau of Plant Indus- 
try, United States Department of Agriculture 

INTRODUCTION 

Investigations by Reed (5, 6y and Reed and Stanton {9) demon- 
strated the existence of races of loose smut, Ustilago avenae (Pers.) 
Jens , and covered smut, U. levis (Kell, and Sw.) Magn., that attack 
Fulghum and related strains of red oats. When the Fulghum oat 
first came into prominence, a desirable character was its supposed 
resistance to the smuts. Reed {3) carried out an extensive series 
of experiments with numerous varieties of oats by the use of inoculum 
of loose and covered smuts collected in the vicinity of Columbia, Mo. 
Fulghum was one of the few that stood out prominently as very 
resistant. These results, by means of still more extensive experi- 
ments, were confirmed by Reed, Grifl&ths, and Briggs [8). Salmon 
and Parker {10) and Stadler {13) also emphasized the importance 
of the smut resistance of Fulghimi and some of its selections. How- 
ever, an increasing prevalence of smut in Fulghum oats in the Southern 
and South Central States has been observed by the junior writer in 
recent years. There also is more smut in the Red Rustproof strains 
than formerly. Owing to the extensive culture of the Fulghum type 
of oats from spring seeding, loose smut is particularly common on 
that type in Kansas, Oklahoma, and Texas. In the Southeastern 
States, particularly Georgia aijd South Carolina, both loose and 
covered smuts on Fulghum are fairly common. 

C. O. Johnston, associate pathologist. Division of Cereal Crops 
and Diseases, reported from Manhattan, Kans., on the prevalence 
of Fulghum smut as follows: ^ 

Loose smut continues prevalent in Texas, Oklahoma, and Kansas. Most of 
the smut is the form that is virulent on Fulghum. This form apparently came 
from the wintei’-sown oats of the South. With the discovery and rapid adoption 
of the Fulghum tvpe of oats, this form of smut increased and rapidly moved 
northward, until it is now coextensive with the distribution of Fulghum. In 
1934 occasional fields sown with untreated seed had as much as 25 percent of 
smut. Covered smut is occasionally found in Kansas and was observed on a 
few hybrid selections at Stillwater, Okla. 

In order to obtain further information on the resistance and sus- 
ceptibility of oat varieties to these new smut races, the present 
investigation was xmdertaken. 

1 Received for publication Sept. 26, 193.5; issued February 1936. Cooperative investigations by the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Department of A^culture, and 
the Brookljm Botanic Garden. Brooklyn Botanic Garden Contribution no. 72. 

2 Reference is made by number (italic) to Literature Cited, p. 15. 

3 Johnston, C. 0. U. S. Dept. Agr., Bur. Plant Indus., Div. Cereal Crops and Diseases Cereal Courier 
26: 97. 1934. [Mimeographed] 
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PREVIOUS INVESTIGATIONS ON PHYSIOLOGIC SPECIALIZATION OF 

OAT SMUTS 

The discovery by Eeed (4), in 1924, of physiologic races of oat 
smuts lent a new interest to the question of varietal resistance of 
oats. The first evidence of specialization was obtained by a com- 
parison of loose and covered smuts from Missouri and from Wales, 
Great Britain. The results of Reed were confirmed by Sampson {11). 

As soon as the existence of specialized races in the oat smuts was 
demonstrated, Reed (5) secured collections of loose smut from red 
oats grown in the South to determine whether specialization of the 
smut occurred on the red-oat group of varieties. Reed foimd that 
three collections of loose smut on Fiilghum, obtained from Tennessee, 
Texas, and Oklahoma, very severely infected Fulghum but not Red 
Rustproof. Loose smut obtained on Red Rustproof from Texas 
infected the Red Rustproof but not the Fulghum type. Thus two 
distinct races of loose smut on the red oats were demonstrated. 

Further data on the races adapted, respectively, to Fulghum and 
to Red Rustproof, as well as on other specialized races of loose and 
covered smuts, were pubhshed in 1929 by Reed {6). At that time, 
11 races of loose smut and 5 races of covered smut were recognized. 
Sampson {12) pubhshed additional data on the occurrence of spe- 
ciahzation of the oat smuts in Wales. Nicolaisen {2), in Germany, 
also has recorded data for many collections of loose smut in which 
he has found marked differences in reaction on oat varieties. 

In 1932 Reed and Stanton {9) pubhshed results obtained with 
additional collections of loose smut on red-oat varieties. Loose smut 
on Norton from State CoUege, Miss., on Kanota from Newton, Kans., 
and on Frazier from Lawton, Okla., gave 100-percent infection on 
Fufehum and high percentages of infection on Canadian and Victor, 
while negative results were secured with Red Rustproof and Navarro. 

. Three collections of loose smut from Denton, Tex., and from Still- 
water and Lawton, Okla., on strains of the Red Rustproof variety 
severely infected Red Rustproof and also Canadian; negative results 
were obtained on Navarro, and only a slight smutting of Victor 
occurred. Fulghum was resistant to two cohections, while in the 
case of the smut from Lawton, Okla., 30 percent of the Fulghum 
plants were smutted. This, however, probably wa<s due to a mixture 
of the two races in the original collection of spores. 

The occurrence of a specialized race of covered smut that attacks 
Fulghum oats was recorded in the same paper {9). Two coHections 
of this smut were used, one from Athens, Ga., and the other from 
Clemson College, S. C. Very high percentages of infection on 
Fulghum, Canaan, and Victor were secured with both collections, 
negative results being obtained with Red Rustproof and Navarro. 

In 1932 Reed (7) demonstrated that Black Mesdag was also suscep- 
tible to the UstUago levis race of Fulghum. This variety previously 
had manifested an unusual resistance to all hitherto known races of 
both loose and covered smut, and it has been widely used in oaLsmut 
studies and hybridization experiments in different parts of the world. 

IMPORTANCE OF FULGHUM OATS 

Dumg the last 15 years the Fulghum oat has become one of the- 
most important commercial varieties in the United States. It w^ 
first reported in 1912 in southeastern Georgia, having been develop/d 
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by J. A. rulghum, of Warrenton, Ga., who observed an exceptional 
plant in his field, which had been sown with Texas Rustproof. 
Whether this plant was a mechanical mixture or a hybrid between 
Red Rustproof and some other variety is not definitely known. 

Fulghum is grown as a fall-sown oat in the Southern States and 
California. It has, however, attained economic importance in Mis- 
souri, Kansas, and Oklahoma as a spring-sown variety. Stanton (14), 
Stanton and Coffman (ISj id), Stanton, Love, and Down (i7), Salmon 
and Parker (10), and Stadler (13) have reported on the characters 
and economic value of the variety and its selections, including 
Frazier and Kanota. 

MATERIALS AND METHODS 

COLLECTIONS OF LOOSE AND COVERED SMUTS 

The present paper records the data for 5 collections of covered smut 
and 13 collections of loose smut, obtained for the most part from 
Fulghum and related oats. These collections were tested on more 
than 30 oat varieties to determine the range of specialization of the 
two races of smut. The older and the more recently acquired collec- 
tions of both loose and covered smuts were used. The history of 
these collections is shown in table 1 . 


Table 1. — History of collections of covered smut {Ustilago levis) and loose S7nut 
( C7. avenae) used in tests on red oats 


Species and collec- 
tion no. 

Host 

Collector 

Ustilaso levis: 

11 

Fnlghnm . _ __ 

T. R. Stanton— 

12 

do— 

do— 

17 

do - 

do 

18 

do 

do 

20 

Black Mesdag—. 

T. R. Stanton and V. 0. 
Hubbard. 

L. R Hesler 

Ustilago oDenac. 

12 

13 

Fulghum 

T. R. Stanton 

14 

do-- 

P. B. Dunkle-- 

17 

do ... 

G. J. Wilds 

18 

Norton 

T. R. Stanton 

19 

Kanota.. - 

do - 

20 - 

Frazier 

do 

36 

Fulghum 

do 

86 

^do — . 

do 

21 

Red Rustproof-. 

do 



do 

do— 

38 

do 

do 

39 1 

Nortex 

do 


Locality 

Year 

Athens, Ga - 

} 1929 
] 

Glemson College, S. 0 

Tifton, Ga. 

do 

1 1932 

Mandan, N. Dak. 

Knoxville , Tenn 

1924 

Lawton, Okla----- 

Denton, Tex 

J 1925 

Hartsville, S. 0 


State College, Miss-.,.. .. 

■ 1929 

Newton, !lS.ns 

Lavrton, Okla 


Experiment, Ga 

} 1932 

Tifton, Ga - 

Denton, Tex 

} 1929 

Stillwater, Okla 

Experiment, Ga— 

} 1932 

Rosslyn, Va 


Four of the collections of covered smut were obtained in the South- 
eastern States by the junior writer. AU of them were made from fields 
sown to Fulghum. Ustilago levis-11 and ?7. levis-12 were collected 
in 1929 and were used in the previous experiments. U. levis-VJ and 
U. Uvis-l% were obtained in May 1932. 

Ustilago levis-20 was collected on Black Mesdag by T. R. Stanton 
and V. 0. Hubbard at the United States Northern Great Plains Field 
Station, Mandan, N. Dak., in August 1932. The variety was grown 
in an experimental plot in which the influence of smut infection on 
plant vigor in oats was being studied (f ), The appearance of covered 
smut on Black Mesdag at Mandan is of exceptional interest. This 
smut from Mandan ^o attaofced some hitherto resistant hybrid 
selections^ of the parents at the 

Aberdeen in 1934. These selection^ 
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were tested for the department of field crops, University of Alberta, 
Edmonton, Canada. ^ The original smut used for inoculating Black 
Mesdag at Mandan in 1932 was a mixture of several collections of 
spores of U. leviSj furnished by V. F. Tapke, Bureau of Plant Industry, 
United States Department of Agriculture. In view of the results of 
experiments reported herein, the material used evidently contained 
some smut spores originally collected on Fulghum. 

Of the 13 collections of loose smut used in the present experiments 
(table 1), 9 collections, several of which were used in the earlier ex- 
periments, were from the Fulghum type of oats, and 4 were from 
strains of the Red Rustproof variety. 

Some of the collections as originally received were mixtures, and 
the early tests demonstrated the fact that two or more distinct races 
were present. The original field of oats from which the smuts were 
gathered, while predominantly of one variety, evidently contained 
admixtures of others. 

OAT SPECIES AND VARIETIES INOCULATED 

In the course of aU the experiments, 34 varieties or strains of oats, 
belonging to 6 species and subspecies of Avena^ were used to differenti- 
ate the smut races. Definite strains of these varieties, many of them 
grown for many years in connection with the various experiments of 
the senior writer, were used. These particular strains are now recog- 
nized as of special significance in the differentiation of specialized races 
of loose and covered smuts of oats. 

The common osit ^Avena sativa L., was represented by 17 varieties; 
the common side oat, A. sativa orientalis (Schreb.) Alefeld, by 2 
varieties; the naked oat, A. nvda L., by 2 varieties; and the red oat, 
A. byzantina C. Koch, by 6 varieties. In addition, one or more strains 
of A. harhoia Brot., A. brevis Roth, A,fatua L., A. strigosa Schreb., 
and A. sterUis L. were grown. 

METHODS 

All of the experiments were conducted at the Brooklyn Botanic 
Garden in the period from 1931 to 1934. Some of the smut cultures 
were grown in the greenhouse, but most of them were grown in the 
field. The methods employed have been developed by the senior 
writer in connection with his various experiments with the oat smuts. 
After removing the hulls, the caryopses were treated for 10 minutes 
with a solution of formaldehyde, 1 part to 320. They were then 
inoculated by dusting with the d^ spores, and germinated at a tem- 
perature of approximately 20*^ C. in sand with a low moisture content. 
Under these conditions the seedlings usually emerged in 4 days, and 
2 to 3 days later were transplanted. The experiments with most of the 
varieties were repeated one or more times to insure rehable results. 

EXPERIMENTAL DATA 

TESTS WITH FULGHUM COLLECTIONS OF USTILAGO LEVIS 

On the basis of the reaction to the five smut collections, the oat 
varieties are arranged in three classes: (1) Varieties susceptible to all 
collections; (2) varieties resistant to some collections and susceptible 
to others; and (3) varieties resistant to all collections. Within each 
of these claves the varieties are further grouped as to species. 

The detailed data for the five collections of covered smut are given 
in table 2. 
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Varieties Susceptible to All Collections 

Four of the collections were made on Fulghum in Georgia, Missis- 
sippi, and South Carolina, and therefore special interest is attached 
to the reaction of Fulghum and related varieties. In addition to 
two strains of Fulghum, Frazier and Kanota were inoculated. All 
five collections of covered smut produced smut in all of these varieties. 
The percentage of smutting on Fulghum (129)^ ranged from 46.9 
percent with Ustilago levis~-12 to 83 percent with U. levis-17j and 
that on Fulghum (1000) from 43.3 percent with U. levis-12 to 100 
percent with LL levis~17, Frazier gave 40.8 percent infection with 
U. levis-12 to 84.2 percent with U. levis-20j and Kanota 52.9 percent 
wnth U. levis-12 to 95 percent with U. le}}is-2i). 

Perhaps next in interest to the behavior of these Fulghum varieties 
is the fact that Black Mesdag proved susceptible to all the collections: 
the percentage of smutting ranged from 35.1 with Ustilago levis-17 
to 61.3 percent with U. Levis-12, As noted earlier, it is probable 
that the smut collected on Black Mesdag at Mandan, N. Dak., came 
originally from spores obtained in the South. 

Canadian, Joanette, Monarch, and Victor gave rather high per- 
centages of infection with all five collections. These varieties usually 
are susceptible to specialized races of covered smut. Monarch, in 
particular, has shown high susceptibility to practically all such races 
while being very resistant to most races of loose smut. 

The varieties Black Diamond, Early Champion, Hull -less, Liberty, 
and Green Mountain generally gave much lower percentages of smut 
than the varieties just mentioned. While infections were obtained 
on these varieties with all the collections, the percentage varied 
greatly. Whether any significance may be attached to this variability 
has not been determined. 

Varieties Resistant to Some Collections and Susceptible to Others 

Burt, a red oat, gave negative results with Ustilago levis-12 and 
low^ percentages of smut with the other four collections. The great 
variability of Burt in plant characters may be paralleled by a similar 
variability in its reaction to the races of covered smut. 

Black Norway gave negative results with four collections. How- 
ever, of 39 plants inoculated with Ustilago 27, or 69.2 percent, 

were smutted. This result seems definitely to difierentiate this col- 
lection from the other four. 

Danish Island gave negative results with two collections and very 
slight infections with Ustilago levis-11, U. fem-12, and U. levis-20. 

A strain of Avena brevis gave negative results with four collections. 
However, 8.4 percent of the plants were infected with Ustilago levis- 
12. The smutted plants were similar to those occasionally attacked 
by the Missouri race of covered smut. The plants first sent up 
normal stems of the usual height. A few tillers infected with smut 
developed from the base, attaining one-half to two-thirds the height 
of the normal stalks. 

^ The results with strain no. 587 of Avena strigosa probably are sig- 
nificant in separating Ustilago levis-12 from the other four collections, 

* Numbers in paxentbeses indicate special numbers assigned to strains of these varieties inoculated and 
observed by George M. Reed. 
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since 44.2 percent of the plants were infected with U. Ievis-12, 
wheieas negative results were secured with levis-ll and U. levis-ll 
and very low percentages of smutted plants with TJ. lens-l^ and 
U. lems-2^. 

Intermedia f a variety of Avena strigosa orcadensis Marq., also has 
given significant results. All of the plants inoculated with Ustilago 
levis-17 and U. levis-18 were smutted. Infection occurred in 5.5 
percent of the plants inoculated with U, levis-ll and in 6.6 percent 
of those inoculated with U. levis-12. U. lems-20 gave negative results. 
This variety was tested in only one seiies of experiments and, on 
account of late seeding, did not fully head, so that the number of 
plants in a few of the series is rather low for drawing definite con- 
clusions. 

Varieties Resistant to All Collections 

Eight varieties of Avena sativa — Cornellian, Danish, ^ Gothland, 
logold, Markton, Monarch Selection, Rossman, and Scottish^ Chief — 
and Seizure, a variety of A. sativa orientalise proved to be resistant to 
all collections. It may be noted that nearly all these varieties are 
resistant to specialized races of covered smut while very susceptible 
to many races of loose smut. 

Navarro and Red Rustproof, varieties of Avena bymntina, as well 
as macrocarpa, a variety of the wild red oat, A. sterilis, were resistant 
to aU collections of Ustilago levis. 

One strain of the common wild oat, Avena jatua, was resistant, 
although one smutted plant inoculated with Ustilago lems~12 was 
noted in the series. 

TESTS WITH FULGHUM COLLECTIONS OP USTILAGO AVENAE 

There were 9 collections of loose smut, 5 of which came from Ten- 
nessee, South Carolina, Mississippi, and Georgia, and 4 from Kansas, 
Oklahoma, and Texas. So far as definitely known, most of the col- 
lections were secured on Fulghum, while Ustilago (wenae-20 was 
made on Frazier and U. avenae~18 on Norton, a variety originally 
de'v eloped from a cross in which Fulghum was one of the parents. 
The varieties are classified as before, i. e., on the basis of their reaction 
to the collections of loose smut. The data are recorded in table 3. 

Varieties Susceptible to All Collections 

Frazier gave a range of infection from 48.2 percent with Ustilago 
avenae-l^ to 79.4 percent with U. avenae-18. Fulghum (129) ranged 
from 54.5 percent with U. avenae~dB to 74.3 percent with U, avenae~20. 
Fulghum (1000) ranged from 25 percent infection with U. avenae-Zb to 
95 percent with U. avenae-l8. Kanota gave a range of 47.3 percent 
with Z7. aveme-35 to 70.5 percent with U. avenaeA4. In no case 
were aU the inoculated plants of these varieties infected. 

Canadian gave high percentages of smutted plants with all of the col- 
lections. Somewhat variable results were obtained with Black Dia- 
mond, Victor, HuU-less, Liberty, and Green Mountain. Rather high 
percentages of infection usually were secured with most of the collections. 

Ihe strain of Avem barbata proved susceptible to six of the col- 
lections. Unfortunately, the number of plants was small because 
the seed was sown late and very poor heading resulted ; although the 
variety was used with the other collections, no fuUy developed plants 
were secured. 
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Vabieties Resistant to Some Collections and Susceptible to Others 

Black Noi'way, Monarch, and Scottish Chief (varieties of Avena 
sativa) and Burt (a variety of A. hyzantina) gave rather variable 
results. The percentage of smutting usually was very low and some- 
times negative. Whether any special significance may be attached 
to the results obtained with these varieties has not been determined. 

However, the results with some other varieties indicate differences 
in the specialization of the collections. Ustilago avenae-l2, U, avenae- 
17, Z7. avenae-l"^, U. avenae-Z^, and U. avenae~ZQ, which were col- 
lected in Tennessee, Georgia, Mississippi, and South Carolina, can be 
separated from U. avenae~lZ, U. avenae-lAj U. avenae-19^ and U. 
avenae~2Qy collected in Kansas, Oklahoma, and Texas, by the reaction 
of Gothland, Monarch Selection, Seizure, and Rossman. U. avenae- 
13, U, avenae-14:j U. avenae~19, and Z7. avenae~20 have given com- 
paratively high percentages of infection on all these varieties, while 
low percentages or negative results have been secured with the 
remaining collections. The results perhaps are most striking with 
Monarch Selection, a large number of plants having been inoculated 
with the various collections of smuts. The resmts were entirely 
negative with U, avenae-l2j U. avenae~ll , and U. avenae-lZ^ while 
with U. avenae~S5, 19.6 percent of the plants, and with U, avenae-ZQ^ 
1.8 percent were smutted. On the other hand, U. avenae-lZ gave 
82.3 percent; U. avenae-lA^ 41 percent; Z7. avenae-1^, 61.5 percent; 
and U, avenae'-2Qj 67.6 percent. 

It is ;probable that the results with Danish Island may serve to 
differentiate collection Ustilago avenae~14, since 84.2 percent of 
infection was obtained. With the other collections, the results were 
negative or gave comparatively low percentages of infection. 

It is also possible that the strain of Avena fatua may separate Usii~ 
lago avenae-l2 from the other collections, since 36.8 percent of the 
plants were smutted, while negative results were obtained in all the 
other series. 

Intermedia^ a variety of Avena strigosa orcadensisj seems to separate 
Ustilago avenae-lS from the other collections, since 82.3 percent of tire 
inoculated plants were smutted, while negative results were obtained 
with aU the other collections. 

Varieties Resistant to All Collections 

Navarro and Red Rustproof, varieties of Avena byzardina, gave 
negative results with all of the collections, although one smutted ;^ant 
of Red Rustproof, inoculated with UstUayo avenae-lZ^ was noted. 
Macrocarpa, a variety of A. sterilisj gave negative results with the 
ei^t collections with which it was inoculated. 

Black Mesdag, Comellian, logold, Joanette, and Markton gave 
negative results, although smutted plants of Comellian inoculated 
wdth Ustilago avenae-14 and U. avenae-ZQ and one smutted plant of 
Markton inoculated with 27. avenae-19 were noted. 

The strain of Avena brevis gave negative results with eight of ihe 
collections, no plants maturing in the series with XJstUago avemte-AZ. 
Strain no. 587 of A, strigosa also gave completely negative results. 

TnSTS WITH RED RUSTPROOF COinECTIONS OF USTmAGO A VENAB 

Previous ^investigations by Reed (5*, 0 ) and Reed and Stanton { 9 } 
d^monstete^ the ^e^tmee of a ^dalized race of loose smut iRat 
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attacks Eed Rustproof and closely related oat varieties. Additional 
data on four collections of loose smut on Red Rustproof and Nortex 
nave been obtained. In the course of the experiments, 27 strains or 
varieties belonging to various species of Arena have been inoculated. 
Nearly all of these have been grown in the tliree series in which the 
smut was obtained on Red Rustproof, while seven varieties were 
inoculated with the smut obtained on Nortex. The data are given in 
table 4. 


Table 4. Reaction of species and varieties of Avena to collections of Ushlago 
avenae on Red Rustproof oats grown at the Brooklyn Botanic Garden^ 1931-34 


Reaction oi Avena plants to collection i of — 


Species and variety 


Avena byzanitina: 

Fulehum 

Navarro 

Nortex 

Red Rustproof 

Do 

Do 

Avena treats 

Avena fatua 

Avena strigosa 

Avena nuda 

Hull-less 

Avena sativa’ 

Black Diamond 

Black Mesdag 

Canadian 

Danish 

Danish Island 

Early Champion.., 

Gothland 

Joanette 

Markton 

Monarch 

Monarch Selection. 

Rossman 

Scottish Chief 

Victor,.- 

Avena sativa orientalu. 
Green Mountain.. . 

Seizure.- 

Avena sterilis macrocarpa 


Seed 

no. 

C.I. 

no. 

j 17. avenae-2l 

1 U. avenae~22 

1 U. avenae-^S 

1 U. avenues^ 

Inocu- 

lated 

Smut- 

ted 

Inocu- 

lated 

Smut- 

ted 

Inocu- 

lated 

Smut- 

ted 

Inocu- 

lated 

Smut- 

ted 



Nam- 

Per- 

Num- 

Per- 

Num- 

Per- 

Num- 

Per- 



her 

cent 

her 

cent 

her 

cent 

her 

cent 

129 

3211 

40 

0 

20 

0 

20 

0 



939 

966 

38 

0 

20 

0 

18 

0 



907 

2342 



11 

90 9 

20 

20.0 

20 

56.0 

131 

3212 

17 

35 2 

20 

25 0 

265 

884 

20 

85.0 

20 

60. U 

18 

27.7 



999 

1815 



20 

35 0 

20 

40.0 

20 

76.0 

289 

1783 

37 

0 

20 

0 

908 

3213 

32 

96 8 

25 

100 0 

36 

77.7 

19 

100.0 

587 

1782 

35 

57.1 

35 

37 1 

12 

0 



30 

3007 

39 

0 

19 

0 

19 

0 



116 

1878 

38 

2.6 

16 

0 i 

19 

0 



70 

1877 

38 

0 

19 

0 

18 

0 



119 

1625 

39 

61 5 

40 

57.6 

37 

48 6 i 

16 

81 2 

309 

1669 

40 

0 

20 

0 

18 

0 



149 

3210 

37 

2.7 

20 

0 

19 

0 



150 

1886 

36 

5.5 

20 

6.0 

18 

0 



162 

1898 

34 

0 

19 

0 

38 

0 

20 

0 

187 

1762 

39 

0 

20 

0 

19 

0 



752 

2063 

39 

0 

20 

0 

m 

0 



161 

1876 

39 

0 

20 

0 

17 

0 



162 

1879 

39 

0 

19 

0 

17 

0 



322 

1688 

39 

0 

20 

0 

19 

0 



124 

1901 

33 

0 

19 

0 

20 

0 



126 

1875 

38 

2.6 

20 

10.0 

39 

0 

19 

6.2 

110 

1892 

38 

0 

20 

0 

19 

0 



246 

1609 

36 

0 

20 

0 

18 

0 



1002 

2667 





18 

0 

19 



obtained on Nortex at R^slyn, Va. Other collections were obtained on Red Rust- 
i)*xpertmenV°Ga^^ localities. U. ai)enae-2l, Denton, Tex.; U. avenae-22, Stillwater, Okla ; C7 aaenae^ZS, 


Strains of four varieties of Amna byzantina were inoculated with 
niost of the collections. The three strains of Red RustlKroof were 
infected by every collection with which they were inoculskfeed. Nor- 
tex, a similar variety, also was infected wiA iRe Ui'irte siHections of 
smut with which it was inoculated. ' Rulghum and Natarfeo gave 
negative results. 

Canadian was the only variety of Avma sativa severely infected, 
the percentages ranging from 48.6 to 81.2. The varieties Black 
Mesdag, Damsh, Gothland, Jomett6,_ Markton, Monarch, Monarch 
S6lectioix, Rossman, and Scottish, Chief gave negative results. An 
occasional smutted plant of Black Diamond, Danish Island, Early 
Champion, and Victor was observed. 

Green Mountain and Seizure (varieties of Arena sativa orientalis), 
Huu-less (a variety of A. nuda), and the strain of A. brevis also gave 
negative results. Macrocarpa, a variety of A* sterilis, was grown in 
.c^y two of the series, and m one of them three smutted plants were 
ehee^ved. Strain no. 587 of A* g^tve 57^1 neroent infection 
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with. Ustilago avenae-21 and 37.1 percent with U. avenae-22j while 
negative restilts were obtained with U. avenae-'^S. However^ only 12 
plants were grown in the experinaents with the last collection. 

The results obtained with Avena Jatua are especially interesting. 
One strain was inoculated with all four collections, and the percent- 
ages of infection ranged from 77.7 to 100. It is evident that this 
strain of the species is very susceptible to the race of loose smut that 
attacks strains of the Eed Rustproof variety. 

DISCUSSION 

The data recorded confirm the results of earlier investigations, 
indicating cleply that there are distinct races of loose and covered 
smuts specialized to the Fulghum type of red oats. These races, 
however, are not restricted to these oats but may attack varieties 
belonging to other species and subspecies of Avena. 

Four collections of covered smut used in these experiments were 
obtained on Fulghum in Georgia and South Carolina, and one col- 
lection was obtained on Black Mesdag at Mandan, N. Dak. The 
evidence indicates, however, that the spores that infected Black 
Mesdag were introduced from the South. 

Speciahzation within the races of Ustilago Zeri^-Fulghum and U. 
avenae-Yvl^um is also indicated. Z7. Levis~ll is differentiated 
from the other collections by its ability to infect Black Norway, a 
variety unusually resistant to the races of covered smut. In the 
present experiments, 39 plants were grown and 27 (69.2 percent) 
were smutted. The results with strain no. ^87 of A, strigosa probably 
separate J7. Zm^l2 from the other four collections. Significant 
results with intermedia^ a variety of A. strigosa orcadens^^so have 
been obtained. This variety has proved to be very susceptible to 
U. lemsAl and U, levis-l^ and resistant to the other collections. 

Further specialization also is indicated in the collections of loose 
smut. Gothland, Monarch Selection, Seizure, and Rossman appear 
to be susceptible to Ustilago avenae-lZ^ U. avenae-14:^ U. avenae-19, 
and U. avenae-20j while practical^ negative results have been secured 
with the remaining collections. It is also possible that Danish Island 
may ser4^ to differentiate U. avenae-14 from the other collections, 
since 84.2 percent of the plants were smutted. 

The strain of Avena faiua was infected with only one collection of 
Ustilago a^^^nae-Fulghum, the plants inoculated with Z7. avenae-12 
giving 36.8 percent mfection. 

The Fulghum races of covered and loose smuts have shown very 
distinct differences in their reaction on the various oat varieties. 
Both groups severely attack the strains of Fulghum and are negative 
on such varieties as Navarro and Red Rustproof. Both loose and 
cove®^ smuts infect severely some varieties of the Avena saiiva 
group, for example, Canadian, Other varieties, however, are com- 
pletmy resistant to the loose smut but susceptible to the cpv^ed 
smut. It is especially interesting that Black Mesdag is resistant to 
the loose smut out susceptible to the covered smut. 

The race of loose smut collected from strains of the Red Rustproof 
variety appears to b^ more limited in its capacity for infeotiD^ oat 
varieties. It is conffned to strahis of the Red Rustproof type belong- 
ing to ] Ful^um and^'ISfavarro are complete]^ 
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resistant. Only one variety of the common oat, Canadian, is seriously 
attacked. Sporadic infections seem to occur on some other varieties, 
including Black Diamond, Danish Island, Early Champion, and 
Victor. Black Mesdag and Markton are among the varieties con- 
spicuous for their resistance. The varieties of A, nuda and A. 
sativa orientalis also proved resistant. The strain of A. brevis was 
entirely free from smut. The one strain of A, strigosa grown con- 
tained a considerable number of smutted plants. It is especially 
interesting that the specific strain of A. fatua inoculated was fully 
susceptible to this race. This strain was collected in California in 
1930. 

SUMMARY 

Five collections of Ustilago levis have been tested on 34 strains or 
varieties of oats belonging to species of Arena. Four collections were 
obtained on Fulghum in Georgia and South Carolina, and one on 
Black Mesdag in North Dakota. These collections proved to be 
highly specialized in their ability to attack certain varieties of oats. 
They were very similar in behavior, but minor differences, indicating 
the existence "of subraces, were evident. 

Nine collections of Ustilago avenae, from the southern oat-growing 
region, were used for inoculation experiments. Five of the collections 
came from Tennessee, Georgia, Mississippi, and South Carolina, and 
four from Kansas, Oklahoma, and Texas. These collections were 
similar in their reaction on many oat varieties, but some evidence 
was obtained indicating that specialized subraces may occur. 

A distinct race of loose smut occurs on Red Rustproof oats. 
Canadian (a variety of Arena sativa) and the strains of A. fatua and 
A. strigosa grown in the present experiments are also susceptible. 

It is noteworthy that Markton and Navarro stand out as completely 
resistant to all these collections of loose and covered smuts. Black 
Mesdag, hitherto recognized as extremely resistant to all races of 
smuts, was found to be decidedly susceptible to Ustilago Zeyis-Ful- 

f hum, although completely resistant to U. (^t’enae-Fulghum and 
7. areTiae-Rea Rustproof. 
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CHEMICAL COMPOSITION OF JUICE FROM LOUISIANA 
SUGARCANE INJURED BY THE SUGARCANE BORER 
AND THE RED ROT DISEASE * 


By Nelson McKaig, Jr., associate soil technologist^ Division of Sotl Fertility 
'investigations, Bureau of Plant Industry, and C. A. Fort, assistant chemist. 
Carbohydrate Division, Bureau of Chemistry and Soils, United States Department 
of Agriculture ^ 

INTRODUCTION 

In a study of the effect of fertilizers and soil conditions on the 
composition of the juice of Louisiana sugarcane (Saccharum qfficinamm 
L.), unusual variations in the purity and in the nonsugars of the 
juice of samples were occasionally found. The fact that these 
samples of irregular composition appeared to be largely conjfined 
to varieties known to be highly susceptible to damage by the sugar- 
cane borer (Diatmea saccharalis F.) and red rot (Colleiofrichum 
jalcatum Went) led to the belief that such injury had adversely 
affected the composition of the juice. Recently, Hinds et ah (4)® 
have shown that borer infestation materially reduces the purity of 
cane juice. They have thus confirmed the earlier work of Cross, 
AUbright, Van Dine, Barber, Stubbs, Morgan, and others, which 
has been summarized by Holloway (5), and which clearly indicates 
that both the quality and the quantity of the juice are reduced and 
the reducing sugars in the juice are increased by injury from borer 
infestation. In the original description of the red rot disease in 
Java, Went {10) presented juice analyses showing that even a light 
infection of the stalks by the causal fmjgus resulted in a significant 
decrease of sucrose and a corresponding increase of invert sugars. 
This result has also been demonstrated by Edgerton {3) in Louisiana, 
Little or no information seems available on the effect of injury to 
sugarcane by borers or red ro4 on the various nonsugars of the juice, 
the nonsugars being the salts and organic compounds other than 
sucrose and reducing sugars. Therefore, analyses of the jidce of 
sound and of injured canes have been made to determine whether 
borer and red rot injury had the same effect on the nonsugars as on 
the carbohydrate fraction of the juice. As a result of these investiga- 
tions, reported herein, previous observations on the effect of borer 
and red rot injury on extraction and juice purity are confirmed^ and 
further data have been obtained which indicate that these injuries 
materially alter the quantity and composition of the nonsugars in 
the juice. 

MATERIALS AND METHODS 


On November 27, 1931, during the harvest of certain experimental 
Jots of plant sugarcane grown on Sharks silty clay at the United 
States Sugar Plant Field Station near Houma, La., a number of 


1 Received for publication Sept, a 1938j issued February 1936. 
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apparently equally mature mill-length stalks of tlic four varieties 
shown in table 1 were collected, split lengthwise, and examined for 
borer and red rot injury. From this material three samples of each 
variety were selected: (1) Wlmlly sound stalks, (2) stalks with an 
approximately equal amount of borer injury but free from i*ed rot, 
and (3) stalks showing approximately uniform amounts of both 
red rot and borer damage. Each sample thus obtained consisted of 
about 10 stalks of cane. The percentages of infestation were recorded 
at the time of collection of the samples and are expressed as percentages 
of internodes affected. Immediately after collection the samiiles 
were crushed in a hydrauhcally equipped sugarcane mill and the 
juice freed of bagassiho, sediment, and foam by a standardized pro- 
cedure developed by the writers. The resulting '^standard raw 
crusher juice” was analyzed for juice solids with Brix spindles and 
for apparent sucrose by direct polarization of the undiluted juice 
after clarification with dry basic lead acetate (9), Acidity was 
determined by titration of 10 cc of juice, after dilution with distilled 
water, with 0.1 N alkali, using phenolphthalein as indicator. The 
total nitrogen was determined by the Gunning method protein 
nitrogen by precipitation with tannic acid, and analysis of the pre- 
cipitate for nitrogen according to the micro-Kjcldahl method of Prcgl 
(7). Gxims were estimated by acid hydrolysis of the alcohol-insoluble 
precipitate formed by mixing 1 volume of juice with 7 volumes of 
95-percent ethyl alcohol and determination of the liberated reducing 
sugars. The ash was determined by evaporation of a known quantity 
of juice and subsequent ignition of the simp in an electric mufllo at a 
temperature below visible redness. With the exception of chloride, 
which was estimated on a separate portion of juice by a modification 
of Pettinger’s method (d), the individual mineral constituents of the 
ash were determined by analysis of the ash solution after removal 
of silica. 

In addition to the raw-juice anatyses, the juice from the scries 
of samples from the two varieties P. O. J. 213 and P. O. J. 36~M was 
given a standardized sugar-house clarification. The sulphitation 
process of clarification was employed, with 0.() g of sulphur dioxide 
per liter of juice, the juice being limed cold to such a degree that the 
olaiified juice, after being brought to a boil and stdtling, had a ])ir 
of 6.8 to 7.0. Evaporation of the clarified juice to an ofFect sirup 
density of 55° Brix was conducted in a Pyrex glass vacuum pan. 
These sirups were then analyzed, and thus the corresponding com- 
position of the samples at the stage at which they would bo used for 
boiling to sugar was obtained. The analyses included the determina- 
tion of true purity (by the Clerget method), reducing sugars, ash, 
alcohol precipitate, gums, total nitrogen, and tlie four ash constituents 
silica, hme, sulphur, and iron. Color and turbidity were estimated 
by means of a Keuffel & Esser color analyzer. The observed per- 
centage transmission at 560/x was calculated to —log t values. 

On October 31, 1932, a second set of samples of P. 0. J. 213 plant 
cane was collected from a different location on the same soil type 
at the field station, and on November 3, samples of Oo. 281 plant 
cane were collected from an adjacent plot. These canes differed 
from those collected in 1931 in that they consisted of the lower 10 
joints only. The samples of sound cane showed no evidence of borer 
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or of red rot; the diseased stalks were extensively damaged by tbe 
borer and every joint showed the characteristic red coloration of the 
red rot fungus. The milling and analytical procedures used on the 
raw juices were the same as in 1931, except that the acidity was 
determined by electrometric titration to pH 7.0. 

These samples were also clarified by a factory method, this time 
lime alone being used to yield a clarified juice of pH 6.8 to 7.0. The 
clarified juice was not boiled to a sirup, but was analyzed for true 
purity, reducing sugars, ash, and turbidity. 

EXPERIMENTAL RESULTS 

TESTS IN 1931 

The data of table 1 fully confirm previous work and show that 
borer infestation alone reduces the soluble solids, sucrose, and appar- 
ent purity of crusher juice below those of comparable sound cane 
and that the juice extraction is decreased as a result of the injury. 
The decreased sucrose and purity values indicate losses of available 
96° sugar, ranging from 7.9 pounds to over 31 pounds per ton of cane. 
These values were calculated by the use of the Winter-Carp formula 
on the assumption of uniform extraction and reduction factors com- 
parable to those obtained commercially {8)] if the values obtained 
were corrected for the decreased extraction incident to the injury, 
the apparent losses would be greater. ^\Tien borer damage is accom- 
panied by red rot, the observations indicate that still further reduc- 
tion in quality of juice may be expected. As further shown in table 1, 
the combination of borer and red rot injury, to the extent shown, 
reduces the solids and pmity of the juice to values lower than if borer 
infestation alone were present, except in the case of P. 0. J. 36-M. 
The indicated sugar losses ranged from 40.7 to over 71 poimds of 
sugar per ton of cane when not corrected for the extraction differences 
indicated in the table. 


Table 1. — Effect of hover and red rot injury on the quantity and quality of cruaher 
juice from 4 varieties of sugarcane, United States Sugar Plant Field Station, 
Houma, La,, 19S1 


Variety 

Inter- 

Dodes 

In- 

jured 

by 

borer 

Inter- 

nodes 

in- 

jured 

by 

red rot 

Brlx 

Appar- 
ent 1 
sucrose i 

Appar- 

ent 

purity 

Indicated 96° 
sugar per ton 
of cane 

i 

Cano 
for J 
ton of 
sugar 

Cnislier 

jul<» 

extrac- 

tion 

! 

Total 1 

Loss 
due to 
injury 


Percent 

Percent 

Degrees 

i 

Percent 

Percent 

Pounds 

Founds 

Tons 

Percent 


f 0.0 

0.0 

16.66 

14,09 

84. 67 

191.8 


10.43 

69.3 

1\ 0, J. 36-M 

\ 24.2 

.0 

16.41 

1 12.22 

79.30 

160.2 

31.6 

12.48 

68 6 


47.6 

32.6 

13.80 

1 10.24 

73.88 

128.4 

63 4 

16.68 

67.4 


.0 

.0 

16.96 

i 14.68 

86. 97 

200. 1 


10.00 

71.6 

P. 0. J. 213 

\ 33.3 

.0 

16.76 

13. 19 

83 69 

178 4 

21.7 

11.21 

67.8 


[ 51.7 

40.8 

12. 39 

9.82 

79.26 

128.7 

71.4 

15.64 

08.2 


f >0 

.0 

18.06 

1 16.86 

87.76 

219.8 


9, 10 

71. 1 

P. 0. J.234 

\ 26.8 

-0 

17.63 

1 16,32 

87.39 

211.9 

7 9 

9.44 

68.7 


1 47.6 

34.6 

16.11 

! 13.33 

82.74 

179.1 

40.7 

11.17 

67.7 


f -0 

.0 

16.78 

14.38 

85.70 

197.1 


10. 15 

7L1 

Co. 281 

\ 26 0 

.0 

16.13 

13.66 

84.70 

186.8 

11.3 

10.76 

69.7 


1 47.6 

34.6 

14.73 

11.67 

79.23 

162.8 

44.3 

13.09 

68.0 
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The diseased and sound samples of P. O. J. 213 and P. O. J. 36-M 
were analyzed further, to determine whether the nonsugars were 
affected by borer and red rot injury. From the data of table 2 it is 
seen that the nonsugars were affected as greatly as was the carbo- 
hydrate fraction of the juice. No certain division between the 
changes produced by the borer and that by the fungus can be made 
from the data since no samples were available that were free from 
borer injury yet infected with red rot. 


Table 2. — Composiiion of n07isugars of crusher juice of sound and of injured^ 
sugarcane^ expressed as percentage of Bnx solids 


Variety and condition of cane 

Total 

nitrogen 

Protein 

nitrogen 

Nonpro- 
tem ni- 
trogen 

Gums 

Ash 

Potas- 
sium as 
KaO 

Calcium 
as CaO 

P. 0. J. 213' 

Percent 

Percent 

Percent 

Percent 

Percent 

1 Percent 

Percent 

Whollv sound-- 

0. 165 

0 074 

0. 091 

0. 133 

2. 093 

1 1 076 

0 069 

Injured by borer 

. 192 

.092 

.100 

.177 

3.078 

' 1. 634 

.069 

Injured by borer and red rot. 
P O.J 36-M: 

.317 

.131 

.186 

.383 

6. 105 

3. 034 

: .092 

Wholly sound 

. 119 

.068 

.061 

. 177 

2.261 

1.019 

.072 

Injured by borer 

164 

.079 

.076 

.196 

2. 672 

1.397 

.073 

Injured by borer and red rot. 

206 

.100 

.106 

.246 

3 489 

1.780 

.101 


Magne- 
sium as 
MgO 

Alumi- 
num as 
AlaOs 

Iron as 
FeaOa 

Phos- 
phate as 
PaOs 

Sulphur 
as SO 3 

Silica 
as S 1 O 3 

Acidity 3 

P 0. J. 213* 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Cc 

Wholly sound 

0.110 

0.028 

0.020 

0. 332 

0.271 

0. 110 

1.35 

Injured by borer 

.110 

.044 

.045 

.334 

.360 

.116 

1. 65 

Injured by borer and red rot.. 
P. 0. J. 36-M: 

,186 

.174 

.047 

.494 

.652 

.167 

2 05 

Wholly sound 

.140 

.092 

.038 

.392 

.815 

.113 

1.60 

Injure by borer 

.128 

.107 

.013 

.464 

.247 

.127 

1.90 

Injured by IXHrer and red rot— 

.158 

.087 

.032 

.609 

.290 

.166 

2 00 


1 Pot extent of injury see second and third columns of table 1. 

s Phenolphthalem titration, cubic centimeters of 0,1 N alkali required to neutralize 10 cc of juice. 


The total nitrogen of P. 0. J. 213 increased 16 percent and that of 
P. O. J. 36-M increased 29 percent as a result of borer injury. When 
accompanied by red rot, the total nitrogen of these samples increased 
92 and 73 percent, respectively, above that found for sound cane. 
Although the protein-nitrogen content of the juice is materially in- 
creased as a result of the infestations, the proportion of the total 
nitrogen in the protein form appears to be somewhat decreased, with a 
corresponding increase in the nonprotein fraction. The protein 
nitrogen decreased from 57 percent of the total in the sound P. O. J. 
36-M to 51 percent in the borer-injured sample and to 49 percent in 
the sample injured by both borer and red rot. The data on the 1931 
samples of P. 0, J. 213 are less conclusive, the protein nitrogen in- 
creasing from 45 percent of the total in sound cane to 48 percent in the 
bored sample, and decreasing to 41 percent in the bored and red rot 
sample. The 1932 data, however, for P. 0. J. 213, show a more 
definite decrease in the proportion of protein nitrogen to total nitrogen 
in the juice from damaged cane as compared with that from soimd 
cane. 

The acidity of the juice of both varieties was increased by the borer 
and particularly by the combined action of borw and red rot. The 
amount of gums present in the juice was also by the 
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borer and red rot, and, to a lesser extent, by borer damage alone. 
While borer damage alone increased the ash content of the P. 0. J. 213 
samples approximately 50 percent, borer damage combined with 
red rot increased the ash content 144 percent in the samples examined. 
Similar but somewhat less marked effects were noted in the case of 
P. 0. J. 36-M, where the juice ash was increased 19 percent by borer 
injury alone and 55 percent by borer injury and red rot combined. 
The quantity of each inorganic component present in the juice as 
found in the ash was hkewise increased by borer and red rot injury. 

The analyses of the sirups produced from these juices are given in 
table 3. 


Table 3 . — Composition of sirups of sound and of diseased ^ cane expressed as 

percentages of true solids 


Variety and condition of cane 

True 

purity 

Reduc- 

ing 

sugars 

Ash 

Total 

non- 

sugars 

Organic 

non- 

sugars 

Nitro- 
gen 
as N 

i Gums 

Organic 
sub- 
stances 
precip- 
itated 
by al- 
cohol 

P. 0. J. 213 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Wholly sound 

91.02 

2.67 

1 2 265 

C 31 

4 06 

0. 105 

0 094 

0 60 

Injured by borer 

89 73 

2.70 

3 163 

7.67 

4 41 

.135 

.147 

.96 

Injured by borer and red rot 

82.63 

6.78 

1 5.364 

11.60 

6.24 

.215 

.331 

2.33 

P. 0 J. 36-M: 









Wholly sound 

89 88 

3. 66 

2.156 

6.46 

4 30 

.074 

.092 

.76 

Injured by borer 

86.06 

6.68 

> 2.776 

7.26 

4.48 

.091 

.114 

.96 

Injured by borer and red rot 

82. 13 

9. 13 

3. 645 

8. 74 

5.09 

.129 

.211 

1. 17 






Increase 





Silica 

Sulphur 

Iron as 

Gal- 

m CaO 
due to 

Color 

Turbidity 


asSiOa 

as SOa 

FeaOa 

as CaO 

clarifi- 

beri 

number 2 






cation 




P. 0. J. 213: 

Percent 

Percent 

Percent 

Percent 

Percent 




Wholly sound 

0.061 

0.334 

0. 0012 

0. 181 

0. 122 

88 

8J 

J 

Injured by borer 

1 .110 

.416 

.0042 

.191 

.122 

187 

38( 

5 

Injured by borer and red rot 

.121 

.617 

.0066 

.437 

.345 

342 

432 

P. 0. J. 36"M- 









Wholly sound — 

.078 

.393 

.0014 

.194 

.122 

66 

49 

Injured by borer 

,064 

.438 

,0021 

.223 

.150 

103 

77 

Injured by borer and red rot—.,— 

.087 
t 

.540 

.0032 

.344 

.243 

117 

i 

280 


1 For extent of injury, see second and third columns of table 1. 

2 Color and turbidity numbers are 100 times— log t. The larger numbers represent greater color and tur- 
bidity. 


The data show that changes effected by borer and red rot on the 
juice purity, ash, gums, and nitrogen were carried through to the sirup. 
In addition, an increased amount of reducing sugars and of organic 
nonsugars was found in the sirups from injured cane; the color was 
much darker and the turbidity greater. The increased color and 
turbidity are especially objectionable because of their detrimental 
influence on the quality of the sugar. It is to be noted also that the 
increase in lime content due to clarification is greater in the case of 
sirup from the cane having red rot. This unusual increase in soluble 
Hme salts cannot be explained solely on the basis of the higher acidity 
of the juice but may be due to the kind of acids present. 

When the values of the various inorganic substances present in the 
juice are recalculated to percentage composition of the ash, as in 
table 4, it is seen that the composition of the ash is not greatly altered 
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as a result of the infection, even though the total quantity is increased. 
The principal change was an increase in the proportion of potassium 
in the ash and a decrease in most of the other constituents. 


Table 4. — Composition of the ash of cr usher juice of sound and of diseased, sugarcane ^ 


Variety and comJition of cane 

Potas- 
suuu as 
KoO 

j Cal- 
cium as 
CaO 

Mag- 
nesium 
as MgO 

Alumi- 
num as 
AbOo 

Iron as 
Fe 202 

Phos- 
phorus 
as PiO'i 

Sul- 
phur as 
SO 3 

Silica 
as S 1 O 2 

P. 0. J. 2 ] 3 

Percent 

Percent 

1 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Wholly bound 

51 36 

2.82 

5. 26 

1 34 

0 96 

15 86 

12 95 

5 26 

Injured by boier 

53.09 

2.24 

3.57 

1.43 

1.46 

10 85 

11 37 

3. 77 

Injured by borer and red rot 

P. O. J 36-M 

59.43 

1.80 

3.64 

3.41 

.92 

9. 68 

10,81 

3.08 

Wholly sound 

45 27 

3 20 

6 22 

4.09 

1.69 

17 41 

13.99 

6 02 

Injured by borer 

52 28 

2 73 

4. 79 

4.00 

.49 

16.99 

9.24 

4. 76 

Injured by borer and led rot 

51.02 

2 89 

4 63 

2 49 

.92 

14 59 

S 31 

4.47 


J For extent of mjiiiy see second und third columns of table 1 . 


TESTS IN 1932 

The 1931 results were coniirmed by the 1932 tests on sound and on 
diseased cane of the varieties P. O. J. 213 and Co. 281. The samples 
collected in 1932 were intended to represent maximum^ conditions 
of natural infection in the case of two varieties commercially grown 
in Louisiana that have different degrees of susceptibility to these 
injuries, P. O. J. 213 being highly susceptible to damage by both 
borer and red rot (f), and Co. 281 being quite resistant to red rot 
although somewhat susceptible to damage in the field by the borer. 
As indicated by the analyses given in table 5, the sample of diseased 
P. O. J. 213 has only 54 percent of the apparent sucrose and 68 percent 
of the solids content of the juice of comparable healthy cane, thus 
indicating a loss of over 117 pounds of 96^^ sugar per ton of cane. 
The data for Co. 281 show this variety to be less seriously changed in 
composition than P. O. tT. 213, even when apparently 100-percent 
infected. The soluble solids and apparent sucrose decrease of 13 
percent and 20 percent, respectively (table 5), indicate a loss of sugar, 
due to the diseased condition of over 45 pounds per ton of cane. 


Table 6 . — Effect of borer and red rot injury on the sucrose content of crusher juice 
frojn two varieties of sugarcane^ United States Sugar Plant Field Station, Houma, 
La., 1932 


Variety and condition of cane 

Brix 

Apparent 

sucrose 

Apparent 

purity 

Indicated 90® sugar 
per ton of cane 

Tntai Loss due 
to injury 

Cane for 

1 ton of 
sugar 

P. 0. J. 213* 

Sound 

Degrees 
17. 61 

Percent 
15. 76 

Percent 

90.01 

Pounds 
991 3 

Pounds 

Tons 

9. 04 

Diseased 1 

Co. 281: 

11.90 

1 

8.62 

7L24 

104 ' 2 

117.1 

19*. 19 

Sound-„ 

17,09 1 

14,14 

82.74 

190.0 


10 53 

Diseased 

14 84 

11.30 

76. 16 

144.4 

45.6 

13. 85 


The nonsugar analyses (table 6), give further evidence that red rot 
and borer injury have a greater effect on P. O. J. 213 than on Co. 281. 
The total nitrogen content of the juice from the former increased 
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125 percent as a result of infection, and that of the latter increased 
51 percent. In both varieties the relative proportion of protein and 
nonprotein iiitrogen was changed by the infestation, the protein 
nitrogen being 67 percent of the total in the juice of sound P. 0. J. 213 
and 55 percent of the total in the juice of the diseased samples and 
69 and 66 percent, respectively, in the sound and diseased Co. 281. 
The ash content of both varieties increased because of the injury, the 
increase being over 200 percent in P. 0. J. 213 and 37 percent in 
Co. 281. Nearly all the mineral constituents of the juice appear to be 
correspondingly increased. Calculation of the ash constituents as 
percentages of the ash (table 7) confirmed the pre\nous data in that 
the potassium content of the juice was increased somewhat more than 
the other components as a result of injury by borer and red rot. 


Table 6. — Convpo&ihon of ike nonsugars of crusher juice of sound and of diseased 
sugarcane, expressed as percentages of Brix solids 


Variety and condition of cane 

Total 

nitrogen 

Protein 

nitrogen 

Nonpro- 

tem 

nitrogen 

Ash 

Potas- 
sium as 
K 2 O 

Sodium 
as NaaO 

Calcium 
^ as CaO 

P 0 J. 213: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Sound 

0 060 

0. 040 

0.020 

1.673 

0. 915 

0.033 

0. 029 

Diseased 

Co. 281- 

135 

1 .074 

.061 

5 043 

2. 865 

.071 

.070 

Sound 

.070 

.048 

.022 

3. 191 

1.896 

.044 

.107 

Diseased. 

.106 

.070 

.036 

4 376 

2.686 

.067 

.106 


Magne- 
sium as 
MgO 

! 

Manga- 
nese as 
MnO 

Phos- 
phorus 
as P2O5 

Sulphur 
as SO 3 

^ Chloride 
as Cl 

i. 

Silica as 
S1O3 

Acidity 1 

P 0 J. 213: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Cc 

Sound 

0,064 

0 0013 

0.409 

0. 091 


0. 088 

1. 22 

Diseased-- 

Co. 281. 

.121 

.0029 

.991 

.290 


.112 

1.74 

Sound 

.145 

.0020 

.441 

.275 

0. 141 

.081 

2, 32 

Diseased. 

.138 

1 

.0019 

.518 

.353 

.251 

.097 

2.42 


1 Eleetrometnc titration to pH 7.0, cubic centimeters of 0 1 N alkali required to neutralize 10 cc of juice 


Table 7 . — Composition of the ash of crusher juice of sound and of diseased sugarcane 


Variety and condition of 
cane 

Potas- 

sium 

as 

K 2 O 

Sodi- 
um os 
NajO 

Cal- 
cium 
as CaO 

Magne- 

sium 

as 

MgO 

Man- 

ganese 

as 

MnO 

Phos- 

phorus 

as 

P 2 O 5 

Sul- 

phur 

as 

SO 3 

Chlo- 
rine as 
Cl 

Silica 
as SiOs 

P 0 J. 213 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Sound 

54 69 

1 97 

1 73 

3 83 

0.077 

24.45 

5.44 


5.26 

Diseased 

Co. 281: 

56.81 

1.41 

1.39 

2.40 

.058 

19.65 

5.75 



2.22 

Sound - 

59. 42 

1.38 

3 35 

4.54 

.063 

13.82 

8.62 

4.42 

2.63 

Diseased.- 

61. 38 

1.53 

2.42 

3.15 

.043 

11.84 

8 07 

5.74 

2.22 


The analyses of the clarified juices (table 8) reaffirmed the purity 
drop in diseased cane, and, as in the previous tests, showed an in- 
crease in the proportion of reducing sugars, ash, and organic nonsugars 
and a poorer degree of clarity given by a standard sugar-house clari- 
fication. As in the case of the raw juice, the changes were greater in 
the clarified juice of P. 0. J. 213 than in that of Co. 281. 
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Table S. — Composition of livic-clarijied juices from sound and from diseased 
sugarcanGy expressed as percentages of true solids 


Variety and condition of cane 

True 

purity 

Reduc- 

ing 

sugars 

Asli 

Total 

non- 

sugars 

Oiganic 

non- 

sugars 

Tui- 
iiidity 
number > 

P. 0. J. 213: 

l^cici nt 

Percent 

Percent 

Pci cent 

Pei cent 


Sound 

93 S7 

1 S7 

1.70 

1 2G 

2 56 

43 

Diseased 

Co. 281 

SO. 40 

9 OG 

4 85 

10 54 

5. 09 

59 

Sound 

90 10 

3 77 

3 00 

G 13 

3 00 

28 

Diseased,.. 

85 00 

5. 92 

4 41 

9 IS 

4.41 

40 


1 The turbidity numbers are 100 times the reciprocal of the Kopke value. The larger numbers represent 
greater turbidity. 


SUMMARY 

The composition of juice from sugarcane damaged by the sugar- 
cane borer alone and from cane damaged by both the borer and 
red rot is contrasted with that of juice from sound cane. The com- 
parisons show that the value of the cane is materially reduced by the 
borer alone and to a greater extent by the combination of borer and 
red rot injuries. In both cases the following changes occur as a result 
of the injuries. 

There is a decrease in juice exti'action and in the percentage of 
solids and sucrose in the juice obtained, and the apparent and tlie true 
purity are correspondingly lowered. 

The percentages of reducing sugars, ash, gums, alcohol-precipitable 
nonsugars, and total organic nonsugars are significantly increased. 

Both protein and nonprotein nitrogen compounds are increased, 
especially the latter, resulting in a greater increase in the nitrogen 
content of the sirups. 

In the ash, potassium is increased somewhat more than the other 
elements, although all the mineral constituents of the juice are in- 
creased. When calculated to percentage of ash, the ratios between the 
different components are but slightly altered. 

The color and the turbidity of the clarified juices and sirups are 
decidedly increased. 

A comparison of four varieties commercially grown in Louisiana 
indicates that, in general, the changes in the chemical composition of 
rile juice are greater in the case of the highly susceptible variety 
P. 0. J, 213 than in the other varieties tested. 
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INHERITANCE OF SOME MAJOR COLOR TYPES IN 

BEETS ‘ 

By Wesley Kbllbx 2 

Formerly agent, Division of Sugar Plant Bureau of Plant Industry, 

United States Deparinient of Agriculture 

INTR0DT30TI0K 

The occurrence and distribution of resd and yellow’- pigments in 
beets {Beta vulgaris L.), as has generally been recognized; give rise 
to a large number of^ heritable color tjpes. But even wdth such 
possibilities for ^ genetic study, inheritance in beets has received 
comparatively little attention, although plant-breeding efforts spe- 
cially concerned with the sugar content of beets had been in progress 
for almost a century before the rediscoveiy of Menders principles. 

This lack of genetic advancement nmj in part be attributed to 
certain characteristics of the beet. Owing to its strong tendency 
toward self-sterility, populations large enough for study are not 
readily obtained by inbreeding.^ When a cross is desired there is 
usually some selfing. Because of the small size of the beet flower, 
extensive emasculation is impracticable. Another important reason 
for the lack of genetic advancement with beets is that many of the 
important beet characters are readily modified by changes in envii'on- 
mental conditions. In this respect color is no exception. In these 
studies it was found that the development of both red and yellow 
root pigments is greatly influenced by the physiological condition of 
the plant, and under some conditions the effect upon the yellow 
pigment has been such as to cause serious difficulty in classifying 
certain genetic phenotypes. A more comprehensive knowledge of 
the physiological conditions which cause these variations and the 
discovery of clear-cut genetic characters that can be identified imder 
all conditions will constitute important advances in breeding work 
with beets. 

Kajanus^ made numerous crosses, which were carried several 
generations, wdth beets of the mangel-wurzel type, chiefly of the 
Eckendorfer and Barres varieties. His data did not lead to a satis- 
factory genetic analysis because of a persistent and high percentage 
of contamination, perhaps the result of his use of cloth tents as 
plant isolators. He was able to present a factorial arrangement, 
partly hypothetical, by considering large discrepancies to be the effect 
of contamination. This arrangement assumed a yellow root to be 
the effect of a dominant factor for yellow, designated G (from Gelb), 
and a red root to be the effect of a dominant factor for red, R, in 

1 Received for publication Oct. 2, 1935; issued Febraary 183S. Cooperative studies by tbe U. S. Depart- 
ment of Agriculture and the -CTtah Agricultural Expenment Ststlon. 

a The writer acknowledges many helpful suggestions ia the preparation of the manuscript from F. V. 
Owen, geneticist, and other members of the Division of Su^r Pwnt Investigations, as well as from George 
Stewart, senior forest ecologist, Intermountain Forest and Banga Experiment Station, Forest Service, U. S. 
Department of Agnculture. 

® Fully self-fertile strams are now well known to in vesti gators in the Division of Sugar Plant Investiga 
tions, but they were not utilized in the study reported in this paper. 

*KajaNUS, B. tJEERDiEFARBENVABUTiONumBETA-nVam Ztschr. pflanzenzilcht. 5:f357]-372. 1917. 
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combination with, the factor for yellow. A beet of the phenotype Rg 
had a white root, but true whites were of the genotype rrgg. He 
considered these two factors to be independently^ inherited. 

Lindhard and Iversen ^ repeated the work of Kajaniis and readied 
similar conclusions. They believed that some of their data suggested 
a loose linkage betw^een the Rr and Gg factor pairs, but this wais not 
consistent with other related data. Ilasmuson ^ rej:)orted the result 
of a cross of red beet with a white beet; the color under consideration 
was presumably confined to the epidermis of the root. Hasniuson 
thought his data conformed to Kajanus^ scheme. Vilmorin ^ studied 
numerous progenies of ‘^accidentaP^ crosses and reported that the 
ratios obtained were in general agreement with the findings of Lind- 
hard and Iversen. 

The present paper deals with nine color types, obtained from 
crosses between sugar beets and red beets, and the genetic factors 
responsible for them inheritance. Crosses were obtained by exposing 
the mother plant to pollen from the selected male parent. This has 
been effective^ accomplished in two ways: (1) By distance isolation 
and (2) by the use of paper bags. According to the first method 
plants were usually grown in nail kegs, and shortly before the flownu’S 
opened the paired parent plants were moved to some place at least 
200 to 300 yards from the nearest flowering bcets.^ When paper 
bags were used small branches were bagged shortly before tlic eariiost. 
flowers opened, and a few days later, when about half the flowers 
had opened and shed their pollen, each bag with its contents was 
exchanged for a similar bag on the reciprocal parent. 

All of the crosses reported in the section on factors R and I" were 
made by distance isolation, while most of the crosses in the section 
on the factors R^ and were made under paper bags. A small 
amount of contamination may have occurred with either method, but 
this should not be more serious than in the case of maize or any 
other cross-pollinated plant. 

Both distance isolation and the use of paper bags provide ellicicnt 
methods of obtaining crosses, but offer no protection against a small 
percentage of sclfing which commonly occurs in beets. It is, of 
course, important that the breeder be able to recognize those indi- 
^dduals resulting from selfing, and where the parental phenotypes are 
otherwise similar a color character is frequently extremely useful in 
distingmshing parentage. If, however, ^ the phenotype of the female 
parent is expected in the pi’ogeny, specific individuals resulting from 
selfing could not be detected, but the efiect of selfing on the popula- 
tion might be recognized by an excessive number of plants in the 
particular class whose phenotype is also that of the female parent. 
In the work reported here, the effect of self-fertility has not been 
entirely avoided, but through the use of simple methods it is believed 
that pollination has been controlled well enough to permit efiective 
interpretation of the genetic behavior. 

s Lindhard, E., and Iversen, K. vererbunq von roten und gelben farbenmerkmalen uei 
BETA-R0BEN. Ztschr. PflanzenzUcht. 7: 1-18. 1919. 

6 Rasmuson, H. zur fraqe von der bntstbhungswbise der roten zuckerrCben. Hot. Notiser 
1919: 169-180, illus. 1919. 

7 Vilmorin, J. L. de. L’HSRfiDiTl: chez la betterave cuLTivfeE. 153 pp„ lilus. Paris. 1923. 
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DESCRIPTION OF COLOR TYPES 

At least three color types (red, yellow, and white root) were noted 
in the literature reviewed, but because of a lack of adequate descrip- 
tion of the plants studied it is impossible to establish an accurate 
relationship between these color types and those which form the 
basis of the present paper. This paper includes nine color types, 
which for the purpose of description are divided into two groups: 
(1) Those containing red pigment and (2) those lacking red pigment. 

TYPES CONTAINING RED PIGMENT 

(I) Red-hypocotyl white root (Ry), — The hypocotyl of the seedlings of this type 
is rose or pale red. The color shows also at the bases of stems and petioles^ the 
intensity depending upon environmental conditions and the stage and rapidity 
of growth. Genetic modifying factors also may be responsible for different 
shades and intensities of pigments observed or there may be an allelomorphic 
series of color factors, each factor having a slightly different expression. Some- 
times the pigment is not readily seen in a large vegetative beet, and this may 
account for some of the confusion in the literature. By cutting down to the 
central bud, however, as has been pointed out by Nuckois,^ the pigment can be 
detected easily. This color character is a specific marker that is expressed at 
all times, although under certain conditions during the formation of the seedstalk 
only traces of the pigment remain. Sometimes the pigment also gives part of the 
skin on the shoulders of the root a tinge of red. 

(II) Red beet (RY). — In the cotyledon or seedling stage, the hypocotyl of beets 
belonging to the red beet type is of an intensely dark or purplish-red color. In 
the growing and in the mature plant the petiole color may range from a dark 
purplish red to an orange-red, or it may be red in the middle and orange at the 
margins. In the leaves the pigment is most concentrated in the midrib and prin- 
cipal veins,® but under certain favorable conditions the entire leaf may be dark 
red. The epidermis of the root is dark red, and the flesh of the root is pre- 
dominantly red. 

(III) Pale red beet {RY . — The color in this type extends into every part of 
the plant characterized by red color in type II, but with greatly reduced intensity. 

(IV) Striped red beet {R^Y^). — TheAoot and flesh color is intermediate in 
intensity between types II and III. The color of the petioles is a dark or purpUsh 
red similar to that of type II, but it is confined chiefly to stripes. On the upper 
surface of the petiole the color is usually confined to one broad stripe, but on the 
underside there are several narrow stripes of red. Orange has never been found 
on petioles of this type. Only rarely does the red pigment extend into the leaf 
veins. When it does so, it is extremely dilute. 

(V) Green top red root {R Y^) . — The roots of this type vary in color from medium 
to bright red and cannot be distinguished from the roots of type IV, while in the 
tops tlie pigment is generally as restricted as in those of type I. In mature 
plants there is an abrupt change from the presence of red to its absence or only a 
trace, at the intersection of crown and petioles. Only one beet of this descrip- 
tion was found in 1932, and it became the progenitor of all the beets with green 
tops and red roots discussed in this paper. The type has probably been observed 
by earlier workers, but, so far as the writer is aware, there has been no previous 
description. 

(VI) Red top white root {R^y). — Roots of this type are similar to those of type I. 
They generally show a trace of rose on the shoulders, but under most conditions 
they are white. The tops are striped with red and cannot be distinguished from 
those of type IV. In mature plants there is an abrupt change from the presence 
of intense red to its absence or to a rose tinge, at the intersection of crowm and 
petioles. 

TYPES LACKING RED PIGMENT 

(VII) Yellow hypocotyl white root {ry), — In the cotyledon and seedling stages, 
beets of this type have a whitish-green hypocotyl. Upon exposure to sunlight, 

8 Nuokols, S. B, seedling colob and yield of sdqab beets. Jour. Amer. Soc. Agron. 23: 740-743. 
1931. 

® The concentration of pigment in the veins is particularly interesting in comparison with a color t3T)e 
which F, R. Immer obtained from Germany. In the latter type the expression is just opposite, i. e., the 
pigment in the leaf blades is most concentrated away from the veins. 
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considerable yellow pigment may develop, however. The bases of the leaves 
sometimes show a trace of yellow, depending upon environmental conditions, 
stage of growth, etc. This type corresponds to t^’^pe I, except that here the pig- 
ment is yellow instead of red, and therefore is usually not so conspicuous. 

(VIII) Qreen lop yellow root — The petioles and leaves of this type arc 

similar in color to those of type VII, but the epidermis of the root and sometimes 
part of the flesh and vascular rings are a lemon yellow. 

(IX) Yellow beet (r V) . — The yellow pigment in this type is distributed through- 
out the plant as is the red pigment in type II. The petioles are usually a distinct 
yellow. The color may be confined to the petioles of young leaves or it may 
extend into the veins of every green leaf on the plant. When strongly displayed 
this petiole coloration is a clear golden yellow. The epidermis of the root is 
lemon yellow except on the shoulders, where in some plants it blends into orange. 
When the orange is absent the lemon-yellow root color is similar to that of type 
VIII but is usually more intense. Under some conditions it is impossible to dis- 
tinguish the roots of this type from those of type VUI. 

METHOD OF DISTINGUISHING THE YELLOWS OF TYPES VII, VIII, AND IX 

In the greenhouse, high temperature and possibly other conditions 
favorable to rapid growth are so unfavorable for the expression of 
yellow color as to make it impossible to identify the different types 
that lack red pigment. Observations made by F. V. Owen^ have 
shown that there is a remarkable development of all pigments in the 
root if young plants grown imder greenhouse conditions are pulled 
and laid in sunlight on damp soil for a few days. Following this 
exposure to sunlight the presence or absence oi factors for yellow 
pigment can usually be determined. Before the plants were subjected 
to this treatment, it was particularly difficult to distinguish between 
the white roots of type VII and the yellow roots of type VIII. Under 
field conditions, the lemon-yellow color of type VIII is clear-cut and 
can be easily identified. 

THE FACTORS R AND Y IN THE RED GARDEN BEET 

MATERIAL 

A beet with a red by pocotyl and a white root, of genetic constitution 
Ryrij, was crossed with a red beet of genetic constitution RYRY. 
The cross was made in 1930 by growing the two parent beets side by 
side in a city garden, where, so far as could be ascertained, they were 
isolated fi'om otlier flowering beets by a, distance of at least 300 yards. 
The red-hypocotyl white-root parent (tpye I) was selected fro'm the 
P~19 strain (a curly-top resistant strain of sugar beet), and the 
red beet parent (type IT) was a table beet of the Detroit Dark Red 
variety, a commercial variety characterized by a maximum develop- 
ment of intense red pigment. From this cross, approximately 30 
plants were grown from seed harvested from the red-hypocotyl wmte- 
root parent {Eyry). These Fi plants were forced to seed under lights 
in the greenhouse and allowed to cross with each other at ranclom. 
In 1931 a large population of both the Fi and F 2 was grown in the field. 

If crossing had been complete, all offspring in the Fi planting would 
be expected to resemble the dominant red beet parent. This did not 
prove to be the case, however, and some self-ferthization must have 
taken place since a few plants with white roots were represented in 
the progeny. Furthermore, these white-root selfed plants wore of 
two types, the red hypocotyl {Ry) and the yellow hypocotyl (ry), 

10 Obtained by the Triali Agricultural Experiment Station from Katherine Esau, formerly with the 
Spreekels Sugar Co., and now a member of the staff of the University of California, Davis, Calif, 
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which demonstrated that the white-root parent (P-19) was heterozy- 
gous for hypocotyl color, and hence of genetic constitution Ryry. 

Since the composite F 2 obtained could not yield a satisfactory fac- 
torial analysis (because of the mixed population of genotypes RYRy 
and RYry in the FO several Fi plants were backcrossed to the double 
recessive yellow-hypo cotyl white-root type (ryry). These crosses, 
together with further evidence from additional combinations, provided 
ample proof of the presence of two factors, namely, Y for the extension 
of pigment and R for the conversion of yellow to red pigment, which 
is inline with the results of earlier investigators. 

Fi BACKCROSSES 

The first generation genotypes RYry and RYRy were both back- 
crossed to the double recessive ryry, Backcrosses of the first group 
{RYry) to the yellow-hypocotyl white-root type {ryry) gave four 
phenotypes, RY^ Ry, rY, ry, with a close linkage between R and Y. 
The data suggest approximately 7.5 percent crossing over. These 
backcrosses are summarized in table 1, crosses 1 and 2. In each of 
these crosses several progenies were combined to simplify the pres- 
entation. Each progeny had previously been found to be in satis- 
factory agreement with expectation.^^ The results of these back- 
crosses are taken as confiiming the genetic interpretation given, large 
deviations from the expected numbers usually being attributed to 
selfing. Throughout the paper this effect of selfing will be seen 
operative in accentuating the percentage crossing over or in reducing 
the value of P when the was used. The interpretations as 

given have been based upon reasonably consistent beha^dor of many 
progenies and are beheved to warrant the factorial explanations 
given. 

Table 1. — Linkage heticeen the Ur and Yy factor jpau's 





Number of plants of indicated phcno- 
tJTe 


Cross no. 

Cross 

Total 
number 
of plants 

Red beet 
(tj^e XI 
or III) 1 

RY 

Red hy- 
pocotyl 
white 
root 
(type I) 

Ry 

Y ello w 
beet 

(type IX) 

ri' 

Yellow 

hj^:)0C0t3d 

white 

root 

(type 

VII) 

ry 

Percent- 
age cross- 
over± 

P. E. 

1 ... 

RYryXvyry 

484 

242 

19 

IS 

205 

7 6A0 81 

2 

Reciprocal . 

443 

202 

20 

14 

207 

7, 7± .85 

3 

RYryXryry 

111 

58 

.3 

2 

48 

4 5rfcl 33 

4 

Reciprocal.- 

654 

282 

14 

14 

344 

4 3± 53 

5 

RYryXryry 

102 

61 

2 

3 

46 

4 9±1 44 

6 

Reciprocal 

353 

172 

12 

6 

163 

5 1± 79 

7 

RYryXRYry 

07 

48 

4 

1 

14 

6 3=t2.08 

s i 

Reciprocal 

311 

216 

10 

12 

73 

7 1±1.03 


RyrYXryry 

63 

4 

27 i 

29 

3 

11, l=t2.68 

10 

Reciprocal 

41 

2 

2U 

12 

7 

22 0±4. 36 

11 

RyrYXryiy 

101 

4 

50 

4a 

2 

5. 9dbl 58 


Reciprocal 

85 

2 

30 

36 

17 

22. 4i:3. 05 


I Type nr in crosses 9 to 12. 

Probable errors were calculated by the aid of tables prepared by Immer .12 In some cases the test 
was most convenient. 

laiMMER, F. R. FORMimAE ANP TABLES FOR CALCULATING LINKAGE INTENSITIES. GenotiCS 15:81-98, 
illus. 1930. 
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In backcrosses of the second group (BYRy X ryry), two phenotypes 
{BY and By) were expected in about equal numbers. The actual 
ratio was 341 to 284, with P (from x^) falling between 0.02 and 0.05; 
the excess of red plants, however, suggests that there was some self- 
fertility in the female parent. The reciprocal gave 202 BY to 168 By, 
with P falling between 0.05 and 0 . 10 . This progeny also contained 
24 plants of the yellow-hypocotyl white-root type {njry), but these 
were without doubt the result of selfing. The figui'es presented above 
for the backcrosses of BYRy to i^yry and the reciprocals are also the 
sums of several progenies. For the individual progenies, the lowest 
value for P was between 0.05 and 0.10 and the highest was between 
0.8 and 0.9. 

F2 backcross and Fj populations 

Except that the linkage seems to be slightly closer, the P 2 backcross 
and F 3 populations are similar to the Fi backcross populations 
(crosses 1 and 2 ) and help to corroborate the genetic interpretation. 
These data are presented in table 1 , crosses 3 to 8 , inclusive. ^ In at 
least one population (cross 4) the closeness of the apparent linkage 
was accentuated by self-fertility in the yellow-hypocotyl white-root 
parent {ryry). 

Additional interest centered in these progenies because in each group 
one of the red parents showed distinct orange margins on the petioles, 
while the other red parent had intense red petioles with no evidence of 
orange. A genetic interpretation for orange margins, as contrasted 
with lack of orange (both are of color type II), was not obtained 
because none of the segregates showed a distinct orange, although a 
few showed a trace. Since the plants were grown in a dense stand, 
it is possible that orange color requii'es a particular environment, 
failing to develop except when the plants are exposed to intense sun- 
shine and there is adequate spacing between plants. 

The yellow beet rY (type IX) was shown to be produced as a simple 
dominant to the double recessive in a backcross of a heterozygous 
yellow beet (rYry) to the yellow-hypocotyl white-root typo (:ryry). 
The expected ratio was 1 yellow beet to 1 yellow hypocotyl white root, 
and the observed numbers were 231 to 253, with P falling at 0,3. 

THE PALE RED BEET 

The Fi population grown in 1931 included one unusual plant which 
was a pale-colored red beet. This plant proved to be self-sterile, but 
when it was backcrossed to the yellow-hypocotyl white-root type 
{ryry) a total progeny of 290 individuals was obtained. The data 
are presented in table 1, crosses 9 to 12, inclusive. 

Although the linkage could not be accurately measured, chiefly 
because of self-fertility in the recessive female parents, the ratios 
(though not the color) were satisfactorily explained by assuming the 
pale red beet (type III) to be of the genotype RyrY. " This repulsion 
arrangement is particularly significant because all of the other doubly 
heterozygous Fi plants were of the coupling type {RYry). However, 
half of the gametes produced by the sugar beet parent {Ryry) were of 
the By type, and consequently both the repulsion arrangement and 
the dilute color of the pale red beet could be obtained by the intro- 
duction of a gamete of the rY^ type, Y^ being a dilute allelomorph of Y. 
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There is not sufficient evidence available at present, however, to 
propose such a factor; consequently, the well-known factor Y will be 
used, it being understood, that the correct genotype of the pale red 
beet has not been determined. 

The pale red beet was most likely the result of contamination, but 
there are other explanations based upon genetic behavior which cannot 
be entirely disregarded. 

RECOVERY OP THE PARENTAL TYPES 

The parental types BY (red beet) and ry (yellow hypocotyl white 
root) have been recovered by crossing the heterozygous recombination 
types, red hypocotyl white root (Ryry) X yellow beet (rYry). Such a 
cross constitutes a critical test of the dependability of the genetic 
interpretation used to^ explain the color relations observed. The 
expected ratio 1 : 1 : 1 : 1 is approached by the observed ratios, as shown 
in table 2. The population obtained from the red-hypocotyl white- 
root plant as female parent suggests that considerable self-fertilization 
occurred. 


Table 2. — heterozygous yellow beet (rYry) X a heterozygous red hypocotyl white 
root (Ryry), and the reciprocal {Ryry'KrYry) 




Number of plants of indicated phenotype 



Total num- 


Red hypo- 


YeUow 

P from 
test 

Cross 

berof 

plants 

Red beet 
(type II) 

RY 

cotyl white j 
root (type | 

RV 

Yellow beet 
(type IX) 

tY 

hypocotyl 
white root 
(type VII) 

ry 

tYtv X nyty 

1 200 

63 

38 ; 

50 

59 

0 2 

Reciprocal 

*339 

65 

*117 1 

62 

96 

<.01 


> Calculated number of plants of each type, 50. 

3 Calculated number of plants of each type, 84.75. 

3 The excess in this class shows distinct evidence of self-fertility. 


THE PACTOBS FOR RED TOP AND FOR ROOT COLOR 

MATERIAL 

The remaining portion of this paper deals with color types obtained 
from a red beet (origin unknown), the genetic interpretation of which 
is entirely different from that previously given. The red beet was 
not observed during its vegetative stage, and consequently its char- 
acteristics are known only from the red beet segregates in its pro^ny. 
These plants were not so intensely pigmented as the Detroit Dark 
Red variety, and the petiole pigmentation was confined to a broad 
stripe which usually did not extend into the midrib or veins of the 
leaf. These plants were of the type designated as striped red beet 
(t:^e IV). 

The white-root beet originally crossed with the striped red beet 
was a selection from a Russian sugar beet strain known as F29--01. 
These parent plants were isolated in 1930 by George Stewai't, for- 
merly agronomist at ttie Utah Agricultural Experiment Station.^^ 

IS Most of the profi^enies reported m this section were grown by P. V. Owen. 

Dr, Stewart left the Utah station in the fall of 1930, turning this material over to the writer, who had 
been working imder his sup^vision. 

49563—86 3 
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The cross of striped red beet X red hypocotyl white root yielded 
only about a dozen seeds, which were all from the striped red beet 
parent. A few Fi plants were grown in the greenhouse during the 
winter of 1930-31, and the stecklings obtained were isolated in one 
group in the field in 1931. The remaining seeds produced a few Pi 
plants which were grown in the field the same year. In 1932, when 
an F 2 population was grown to maturity, a most interesting segrega- 
tion occurred. Three types not previously encountered w^ere found, 
each requiring a modification of the RY explanation previously 
employed. These types are (1) red top white root (type VI), as- 
sumed to be due to a single factor B^; (2) green top yellow root (type 
VIII), assumed to be due to a single factor Y[; and (3) green top red 
root (type V), assumed to be due to a combination of R (factor for 
red hypocotyl) plus Y^ (factor for root color). It is interesting that 
the striped red beet should have resulted from the combination of 
B* (red top) and Y^ (root color). 

Fi BACKCKOSSES {R^Yrry X ryry) 

From the original cross of striped red beet X red hypocotyl white 
root, one Fi plant of genetic constitution R^Y^ry was clonally propa- 
gated, two pieces of which matured seeds in backcrosses to beets of 
the yellow-hypocotyl white-root type {ryry). When the progenies 
from these crosses were grown, segregates included plants of the 
green-top yellow-root type (rFO and the red-top white-root type 
(B^?/). The data from these crosses are presented in table 3. They 
show a close linkage between R^ and Y\ with approximately 7.5 per- 
cent crossing over. The linkage is similar to that between Rr and Yy, 
which has already been discussed. 


Table 3. — Striped red heel (R^Y^ry) X the double recessive (ryry), and the reciprocals 

{ryry X Y^ ry) 


Cross 


Total 

number 

of 

plants 


Number of plants of indicated 
phenotype 

Percent- 
age 
cross- 
over 
drP. E. 

Striped 
red beet 

R^Yr 

Red top 
white 
root 
(typo 
VI) 

R*y 

Green 

top 

yellow 

root 

(type 

VIIX) 

ry>i 

Yellow 

hypo- 

cotyl 

white 

root 

(type 

VIl) 

TV 

97 

14 

5 

114 

8. 4±1. 24 

145 

7 

12 

137 

6.3i: .94 

89 

9 

8 

2 162 

6 3±1. 00 

133 

12 

11 

109 

8. 7±1. 17 


ryry X R^Ytry. 

Reciprocal 

ryry X R^Yry. 
Reciprocal 


230 

301 

208 

205 


J The factor Y>- could po'^sibly be synonyrnous with Kajanus* G. 

» The excess number of plants suggests that the female parent was rather self-fertile. 


CROSSES WITH THE GREEN-TOP YELLOW-ROOT TYPE (rY^ry) 

The genetic constitution of the green-top yellow-root type (rFOlias 
been demonstrated in the progeny of crosses between it and four 
other color types. The data are presented in table 4, The various 
crosses are as follows: 

(1) Green top yellow root {rY’^ry) X yellow hypocotyl white root {ryry ). — The 
expected ratio in this cross is 1 green top yellow root (rF’*) to 1 yellow hypocotyl 
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white root {ry) , which is in close agreement with the observed ratio, P falling 
between 0.8 and 0.9 (table 4, cross 1). 

(2) Green top yellow root (rY^ry) X red top white root (R^yry), — ^In this 
cross the recombination types from the Fi backcross populations are reunited 
and the parental types are recovered (table 4, crosses 2 and 3) . The first popu- 
lation contains an excess number of plants of the green-top yellow-root type, 
suggesting some self-fertility in the female parent. 


Table 4. — Crosses with the green-top yellow-root type (rY^ry) 


Cross no. 

Cross 

Total 
num- 
ber of 
plants 

Number of plants of indicated phenotype 

Pfrom 

X ^ test 

Stnped 

red 

beet 

(type 

IV) 

Red 

top 

white 

root 

(type 

VI) 

Red 

hypo- 

cotyl 

white 

root 

(type 

Ry 

Green 

top 

red 

root 

(type 

V) 

RY^ 

Yellow 

beet 

(tge 

rY 

Green 

top 

yellow 

root 

(type 

VIII) 

tYt 

Yellow 

hypo- 

cotyl 

white 

root 

(type 

VII) 

ry 

1 

rYnyyjyry 

i 92 





1 

47 

45 

0. 80-0. 90 

2 

rY'ryXR^yry. 

2 54 

14 

7 




21 

12 

. 02- . 05 

S 

Reciprocal 

3 84 

17 

21 




24 

22 

. 70- .80 

4 

rY^ryXTYry 

< 33 





15 

8 

10 

. 70- 80 


Reciprocal 

fi 76 





32 

24 

20 

. 30- . 50 

6 

RyryXvY^ry 

8 154 



38 

36 


45 

35 

. 50- . 70 




1 









1 Calculated number of plants in each of the 2 types, 46. 

2 Calculated number of plants in each of the 4 types, 13.5. 

Calculated number of plants m each of the 4 types, 21. 

♦ Calculated number of plants in the 3 types 16.5, 8 25, and 8.25, respectively, 
fi Calculated number of plants m the 3 types- 38, 19, and 19, respectively, 
fi Calculated number of plants m each of the 4 types, 38 50. 

(3) Green top yellow root {rY^ry) X yellow beet ixYry), — The expected ratio in 
this cross is 2 yellow beet {tY) to 1 green top yellow root (rFO to 1 yellow hypo- 
cotyl white root (ry), and the expected ratios are in good agreement with those 
observed (table 4, crosses 4 and 5) . 

(4) Red hypocotyl white root (Ryry) X green top yellow root (rY'ry). — The 
progenv from this cross should segregate in the ratio of 1 red hypocotyl white 
root i&y) to 1 green top yellow root (rFO to 1 green top red root (RY') to 1 
yellow hypocotyl white root (ry) . The actual segregation observed agrees very 
W'ell with the theoretical ratio, P being between 0.5 and 0.7 (table 4, cross 0). 

The data (table 4) apparently warrant the conclusion that the green- 
top yellow-root type (rTO is due to a single factor T% which is 
dominant over the yellow-hypocotyl white-root type {ryry), 

CROSSES WITH THE RED-TOP WHITE-ROOT TYPE (E^yry) 

The red-top character was found to be dependent upon a single 
factor {R^), In backcrosses to the double recessive {ryry) a ratio 
of 1 red top white root {R^y) to 1 yeUow hypocotyl white root {ry) 
is expected. One progeny gave a ratio of 91 to 86, with P at 0.7; 
another gave 24 to 26, with P between 0.7 and 0.8; and a third gave 
59 to 23, but the reciprocal of this cross {ryry X R^yry) gave 15 to lO, 
with P at 0.3. The ratio of 59 to 23 was probably due to self-fertility, 
since the mother plant in the last cross was found to be rather self- 
fertile; upon selfing, it produced a progeny of 42 individuals in the 
ratio of 2 B^y to 1 ry. The theoretical ratio for a single factor is 
3 to 1, but the total number was small and the agreement proved, to 
be satisfactory, P falling between 0.2 and 0.3. 
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Another cross, that of red top white root (R^y) X green top yellow 
root (rFO, and the reciprocal also support the single factor {R^) con- 
cept. This cross has already been discussed and the data presented 
in table 4, crosses 2 and 3. 

CROSSES WITH THE GREEN-TOP RED-ROOT TYPE (RyrYr) 

Two factors, B (red hypocotyl) and (yellow root) in combination, 
produce the green-top red-root type (RY^). This was demonstrated 
in the cross of red hypocotyl white root (Ry) X green top yellow root 
(rFO which has already been discussed (table 4, cross 6). Three 
additional crosses are presented in table 5 in further support of this 
arrangement. A single plant of the green-top red-root type (i?F0 
was used as the female parent in all three crosses. This plant was 
found to be of the genotype RyrY^. The linkage between Rr and 
Y^y appears to be similar to that between Rr and Fy, and conse- 
quently the calculated populations are based on a gametic ratio of 
1 to 12. This linkage relationship also suggests that the factors for 
red and yellow, respectively, form two multiple allelomorphic series. 
Crosses with the green-top red-root type were made as follows: 

(1) Green top red root {RyrY^ X yellow hypocotyl white root (ryry). — The data 
from this cross are presented in table 5, cross 1. These data constitute conclusive 
evidence of close linkage in the repulsion phase. Three other similar crosses were 
studied, but in the progeny of each some striped red beets appeared. There is 
good reason to believe that these latter crosses wore contaminated, probably 
because of a mistake in harvesting or in labeling the paper bags. 


Table 5. — Crosses with the green-top red-root type (RyrY^)^ with calculated popula- 
tions "based on a gametic ratio of 1 to 


Cross no. 

Cross 

Total number of plants 

Number of plants in indicated phenotype 

Per- 
centage 
cross- 
over 
-Jh P.E. 

P from 
X® tost 

Red 

beet 

(type 

ny 

EY 

Striped 

red 

beet 

(type 

IV) 

E^yr 

Red 

top 

white 

root 

(type 

VI) 

E‘y 

Red 
hypo- 
eotyl 
white 
root 
(type I) 

Ey 

Green 

top 

red 

root 

(ty^e 

Green 

top 

yellow 

root 

(type 

Vtl) 

tY' 

Yellow 

hypo- 

cotyl 

white 

root 

ry 

% 

> 

o 

% 

1 

'3 

Q 

<a 

> 

§ 

-Q 

o 

% 

1 

3 

O 

> 

§ 

o 

a» 

3 

o 

3 

O 

n 

o 

1 

ca 

3 

3 

O 

'O 

o 

-d 

V 

as 

3 

u 

3 

O 

1 

O 

1 

3 

3 

3 

O 

n 

o 

d 

0.1 

es 

1 

3 

o 

X 

Rl/rYfXryrv 

682 







315 


23 


307 


37 


8. 8i0. 73 


2 

EvryrXR^l/ry^..\ 

88 



16 

22 


22 

18 

20 31 


1.69 

20 

20. 31 

1 

1.(59 

(). 02-0 05 

3 

EvrYrXryrp,.,J 

97 

28 

24.25 



28| 

X 


28 

22.38 

1 

1.87 

1 36 

46. 63 

U 

1.87 



. 05- . 10 


1 Plants of the yellow beet type {tY) are included because of difficulties in classification, as explained in 
the text. 

3 May include some of type rYr. 

(2) Green top red root {RyrY^) X red top white root (R^yry). — The progeny from 
this cross segregated into six phenotypes, with P falling between 0.02 and 0.05, 
but by assuming a slight amount of self-fertilization a satisfactory fit is obtained 
(table 5, cross 2) . 

(3) Green top red root (RyrY^) X yellow beet {rYry). — The data obtained from 
this cross are presented in table 5, cross 3. The agreement between the observed 
and expected populations is satisfactory, P falling between 0.05 and 0.1. This 
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population was harvested before a means of intensifying the pigment by exposure 
to sunlight was known; consequently, the two yellow classes are not separated. 
For the same reason, it is quite possible that some of the plants in the ry class 
should be in the yellow class, which would tend to improve the agreement between 
the observed and expected populations. 

DISCUSSION 

This paper reports a study of the inheritance of the major factors 
for red and yellow pigment in beets. The nine color types obtained 
from the progeny of two crosses are shown in table 6. 

Table 6. — Color types obtained from the progeny of two crosses 


Type no. 

Type name 

Pheno- 

type 

Type no. 

Type name 

Pheno- 

type 

I 

Red hypocotyl white root.-. 
Red heet 

Ry 

RY 

VI J 

Red top white root- 

R‘y 

ry 

TYt 

II 

VII 

Yellow hypocotyl white root- 
Green top yellow root 

Ill 

Pale red beet 

^RY 

VIII 

IV 

Striped red beet 

RtY>- 

IX 

Yellow beet 

tY 

V 

Green top red root.- 

RYr 




1 The writer was unable to determine the nature of the “additional influence” necessary to explain the 
light color of this type in contrast to the dark-red color of type n. 


The investigations reported herein included a study of the progeny 
of a sugar beet with a red hypocotyl and a white root X Detroit 
Dark Red (an intensely red commercial variety of table beet). In 
this cross a close linl^age with approximately 7.5 percent crossing over 
is noted between a factor for red hypocotyl (i?) and a factor for 
yellow (F). These two factors in combination (R plus F) give rise 
to a red beet of the Detroit Dark Red type, and the absence of both 
R and F gives the double recessive yellow-hypocotyl white-root type 
(r plus y). 

This paper deals also with the progeny of a striped red beet (origin 
unknown) X a red-hypocotyl sugar foet having a white root. Segre- 
gation in the F 2 of this cross gave several plants with red tops and 
white roots, others with green tops and yellow roots, and one plant 
with a green top and a red root. Most of the data were satisfactorily 
explained by assuming the red-top white-root type to be due to a 
single factor (R^), the green-top yellow-root type to be due to a single 
factor (F'’), the striped red beet to be due to a combination of R^ and 
and the green-top red-root type to be due to a combination of 
R and F^ 

The linkage relation between R^ and F*" is similar to that between 
R and F, and it is thought that the factors for red pigment, B and B^ 
(plus the recessive r), form one allelomorphic series and the factors for 
yellow pigment, F, F^, and y another series. Additional proof for 
this relationship is desirable, however, since data are not available on 
the linkage relationship between R^ and F. 

It is of special interest to note that R (factor for red hypocotyl), 
which is necessary for the egression of red color in the Detroit Dark 
Red variety, is widely distributed in commercial sugar-beet varieties. 
Therefore, the factor F is the chief consideration in explaining the 
genetic constitution of the Detroit Dark Red variety, F producing 
abundant yellow pigment and R changing the color to red. In con- 
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trast to this arrangement, the striped red beet is a combination of a 
factor (FO for pigment in the root plus a factor (220 which produces 
red in the tops. 

The factor R^ is dominant to R and increases pigment development 
in the top. Likewise, F is considered dominant to F^ and increases 
the abundance of pigment in the petioles and leaves, as well as causing 
pigment development in the root. 

SUMMARY 

The inheritance of color in nine types of beets obtained from crosses 
between sugar beets and red beets is reported. 

One cross, between a red-hypocotyl white-root sugar beet (Ryry) X 
Detroit Dark Red table variety (RYRY), yielded four types; 22 F 
(red beet); Ry (red hypocotyl white root); rY (yellow beet); and ry 
(yellow hypocotyl wfcte root). There is conclusive evidence of a 
close hnkage between Rr and Yy, -with approximately 7.5 percent 
crossing over. A pale red beet of similar genetic constitution was 
observed, but its complete genetic make-up for color was not learned. 

A second cross between a striped red beet of unknown origin 
(R^Y^R^Y^)X a red-hypocotyl white-root sugar beet (Ryry) yielded 
five types: B^Y"' (striped red beet); B^y (red top white root); rF’’ 
(green top yeUow root); RY^ (green top red root); and ry (yellow 
hypocotyl white root). The root color was noticeably less intense 
whenever F^ replaced F in the various genotypes. There is a close 
linkage, with approximately 7.5 percent crossing over, between 
22* and F^ and a similar linkage between 22 and F'*. 

It is believed that the 22 factors (22, R\ and r) constitute one multiple 
allelomorphic series and the F factors (F, F^, and y) another series. 



THE RELATION OP PAUSES TO RATE OP EGG 
PRODUCTION ‘ 


By I. Michael Lerner, research assistant in Poultry Husbandry^ and Lewis W. 

Taylor, head, Division of Poultry Husbandry, California Agricultural Experiment 

Station 

INTRODUCTION 

Winter pause is an important character in the limitation of winter 
egg production during the pullet year. A great deal of the variability 
in winter production can be accounted for by pauses, differential 
winter rate, and sexual-maturity factors. The nature of winter 
pauses has been investigated by Hays {1, 2, Sy and Hays and San- 
born (4, 5, 6), and both hereditary and environmental causes have 
been recognized {2).^ The present study was made to determine 
whether or not pausing bears any relation to the rate of production 
and to evaluate the accuracy of some methods for its calculation. 
Rate of production will hereafter be referred to as “rate” for the sake 
of simplicity. 

Hays and Sanborn (J), in presenting different measurements of rate, 
state that, although the most intimate correlation of winter produc- 
tion with any of the four measures of intensity which they discuss is 
found to exist with the “net winter rate of laying”, “mean size of 
winter clutch” is the measure to be preferred. In a later paper (6) 
the same authors claim that the average yearly clutch size is a more 
accurate criterion of intensity than any short-time measure, “The 
net winter rate of laying” is defined as the quotient of the total 
number of eggs from the first pullet egg to March 1 divided by the 
number of days in the same period less nonproductive periods of 4 or 
more consecutive days from November 1 to March 1. 

Jull (7) proposes a different measure. For evaluation of rate, he 
uses the number of eggs in the same period studied by Hays and 
Sanborn expressed as percentage of the total number of days involved. 
It may be seen that the fundamental difference in the viewpoints of 
Jull and of Hays and Sanborn lies in the fact that the former evi- 
dently ascribes the occmrence of winter pauses to low rate, while the 
latter consider pause and rate to be separate factors. I^ox, Jull, 
and Quinn (5) also state that the best measure of rate is the produc- 
tion to March 1 as percentage of total number of days involved. 

A review of the available literatme shows that no evidence as to 
the nature of a parallel condition of pause during the spring months 
has been presented. It is probably of some interest to determine 
whether or not spring pause is related to 'v^ter pause, as well as to 
investigate the relationship of these conditions to rate. ^ 

Such a study was xmdertaken with the foregoing points in view. 
Statistical constants and correlation of various factors in pausing and 
nonpausing groups of birds were calculated in the hope of throwing 
further light on the question. 

1 Received for publication June 13, 1935; issued Febraary, 1936. 

’ Reference is made by number (italic) to Literature Cited, p. 47. 
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METHODS 

Two periods of production were studied, namely, the winter period, 
extending from November 1 to February 28, and the spring period, 
from March 1 to June 28, each exactly 120 days long. 

In order to exclude the effect of pausing, broodiness, and late 
maturity, the rate of production was defined as the number of eggs 
laid during a period multiplied by 100 and divided by the number of 
days in the period (120), less the number of days paused and broody. 
The definition of pause was adopted arbitrarily as 7 or more consecu- 
tive nonproductive days. In the case of winter rate, the denominator 
was further reduced by subtraction of the number of days from 
November 1 to the date of the first egg, when the latter fell after 
November 1. This measurement is similar to the one called by Hays 
and Sanborn (J) net winter rate of laying. It may be seen that the 
conception of rate introduced here is more closely related to the 
measure of rate by the mean clutch size, as proposed by Hays {2), 
than to the method of dull (7), which does not take nonproductive 
periods into consideration when calculating rate. 

The birds included in this study were selected from the general trap- 
nested Single Comb White Leghorn flock of the Poultry Division 
hatched in March and April, on the basis of the following considera- 
tions: (1) Only birds which were alive on October 1 of the year fol- 
lowing the year of hatch were used; (2) birds which produced less 
than 30 eggs in either of the two periods studied were eliminated ; 
(3) only birds which commenced laying on or before November 15 of 
the pullet year were included in the group studied. 

Thus the population used was a strictly selected one, and it must be 
imderstood that any conclusions arrived at are applicable only to 
birds conforming to the standards set above. It was felt that a better 
understanding of the nature of pauses and their relation to the rate 
of production could be obtained if the study were restricted to birds 
of the foregoing type. The reasons for this are fairly obvious: Re- 
quirement 1 aims to eliminate from consideration the birds which, 
although apparently healthy, were under the influence of some 
pathological condition which led to their death before the expiration 
of the first laying year. Requirement 2 was supplementary to the 
first one, in the sense that it tended to eliminate birds with abnormal 
pi'oduction records. Although in the third year of study birds of 
that type were killed and examined for evidence of pathological con- 
ditions, and were thus eliminated by requirement 1, in the first 2 years 
no such autopsies were made. The second requirement was there- 
fore introduced to guard against inclusion of diseased birds. Finally, 
the third requirement served to eliminate part of the possible in- 
fluence exercised by differential sexual maturity on the factors studied. 

PRESENTATION OP DATA 

The total number of birds answering the above requirements in the 
3 years of study was 578. These were divided into 4 groups within 
each year on the basis of the pauses that they exhibited. Thus 12 
groups were obtained altogether, 3 groups of each of the following: 
Birds wHch paused during the wmter period only (WP group), 
birds which paused only in the spri ng (SF group), birds which paused 
both during the winter and spring (WSP group), and birds which did 
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not pause at all (NP group). The distribution of these 4 groups for 
each of the 3 years (F, G, and H series, respectively) is shown in 
table 1. A gradual change in the proportion of pausing and non- 
pausing birds can be seen from the figures presented. 


Table 1. — Birds used and percentage distribution on a pause basis 


Pause 

F series, hatched m 
1931 

G series, hatched in 
1932 

1 H senes, hatched in 
1933 

Winter --- 

"V^mter and spring 

Nonpause - — 

Total, 578 birds 

Number I 
116 
11 
46 1 
28 

Percent 

58.0 
5.5 

22.5 

14.0 

Number 

104 

20 

44 

66 

Percent 
46 4 
S.9 
19.6 
25.0 

Number 
; 54 

13 
16 
71 I 

Percent 
35.1 
8 4 
10 4 
46 1 

200 

100 0 

224 

99.9 

154 

100 0 


The comparatively rapid drop in the percentage of winter-pausing 
birds, as contrasted with the slow decrease in proportion of the 
spring-pausing group affords the first indication that the two condi- 
tions are separate. A further indication of this was obtained by 
calculating the coefficients of association between winter and spring 
pause p. 38). These coefficients for the 3 years were found to be 
-- 0.006, +0.085, and +0.236, respectively, indicating that any asso- 
(uation present is due to mere fluctuations of sampling. 


Table 2. — Statistical constants for production and rate of the F, G, and H series of 

birds shown in table 1 



WP group 1 

SP group 1 

Production or rate 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Series F: 

Winter production 

49.930±0 751 

11 99±0 53 

72 680±1 903 

9 36rbl.35 

Spring production 

89.330rb .645 

10.30=h .45 

09. 950=1=3. 285 

16. 16±2 33 

Winter rate 

62 300± 633 

8 52± 37 

61 OOOrfc .951 

4.68± .67 

Spring rate 

74.975± .536 

8.66=h .38 

69. 275=1=1. 858 

9. 14=fcl. 32 

Senes* G* 

Winter production 

65. 260±: . 982 

14.85± .70 

76 000±1.671 

11.08±1. 19 

Spnng production 

88 920=b . 726 

10 99± . 52 

69. 000±2 359 

15 64=hL67 

AVinter rate.., 

64 766± . 583 

8 82± . 41 

64. 000±1.316 

8 72i: . 93 

Spring rate - 

76 615zb .554 

8.38± .39 

70. 250d=l. 927 

12 78=hl.37 

Series* H 

Winter production 

60. 430±1. 339 

14. 59± .95 

85 845±2, 760 

14.76=bl.95 

Spnng production 

89 310±1 160 

12.73± .83 

58. 350d=3. 325 

17. 78d=2. 35 


68 200±: .378 

4. 12± .27 

1 71. 130=fc:l 150 

6. 15=b . 81 

Spring rate 

76. 170=b . 536 

5.S4± .38 

72. 770=bl. 122 

6. OOdb . 79 



WSP group 1 

NP group 1 

Production or rate 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Series F: 

Winter production 

49. eiOzb 1.414 

14.06d=1.00 

74. SOOdfcl. 320 

10. 35=h0 93 

^ring production 

69.610±1.400 

13.92d= .99 

90. 210±1. 047 

8. 21=1= . 74 

Winter rate - 

61. 780± . 794 

7.89i: .56 1 

63. 070=tl. 000 

7,84=b .71 

Spring rate ^ 

70. 666d= . 890 

8.85i: .63 , 

75. 570± . 678 

5.32=1= .48 

Series G; i 

Winter production 

56. 090drl. 548 i 

IS. 22±1. 10 i 

78. 070d= . 711 

7. S9=fc . 50 

^ring production 

67.230^=1.752 

17. 23=fcl. 24 

88. 960=fc: , 992 

ll.Olzfc .70 

Winter rate,-,.^ 

63.705± .860 

8.46=b .61 

66. 955± . 567 

6. 29± . 40 

Spring rate. - 

70. 865=1=1. 211 

11. 91± . 86 

74. 770± . 798 

a86db .57 

Senes H: 

Winter production 

59 500=tl.866 

11. 07=i:l. 32 

82.390=b .722 

9.02db .61 

Spring production 

72.000=b2.632 

15. 61±1. 86 

9'.240±1 316 

16.45d= .94 

Winter rate — 

66. 060=fcl. 163 

6 gcy= . 82 

69. 745± . 606 

6.33d= .36 

Spring rate. - - 

72.000=hl*635 

9. 70d=l. 15 

75.240± ,594 

7.42=1= ,42 



1 WP=s winter pause; SP=sprIng pause; WSP=*both winter and spring pauses, NP=no pause 
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Table 2 presents the statistical constants for the 12 groups of birds 
for winter production, spring production, winter rate, and spring rate. 
This table gives the basic data from which differences between groups 
were calcufated. Since there is a possible effect of environment and 
managemental practices, differences between means were determined 
only witliin each series; table 3 presents these. In all of the tables 
probable and not standard errors are used. 


Table 3.- — Differences between means of lointer ancf spring production and rates 
for birds as calculated from data in table 2 

WINTER PRODUCTION 

[Significant differences are indicated in boldface and borderline differences in italic] 


Groups • 

F series 

G series 

H series 

NP to SP 

l.S20±2. 316 

2, 070=bl.810 

-3. 455=t2. 853 

NP to WP 

24. 570±1. 619 

22 810=1=1.212 

21. 960=1=1. 621 

NP to WSP 

24. 890±1. 934 

21. 980d=l. 703 

22. 890±2. 001 

SP to WP 

22 750±2.046 

20. 740=1=1. 938 

25 416=k3.068 

SP to WSP- - 

23. 070±2. 371 

19. 910=b2. 278 

26. 346=b3. 332 

WP to WSP 

.320±1.601 

-.830=bl.a38 

. 030=b2. 297 



SPRING PRODUCTION 


NPto WP - - 

O.880±1.2S0 

0.040d=1.229 

0. 930d=l. 760 

NPtoSP - 

20. 260d=3. 448 

19. 960=b2. 559 

31. 890=1=3 676 

NP toWSP — 

20.600=1=1 748 

21.730:1=2.013 

18.240±2 943 

WP toSP 

19.880db3.349 

19. 920d=2. 468 

30.960d=3 626 

WPtoWSP 

19. 720±1. 641 

21 690±1.897 

17. 310=1=2. 880 

SPto WSP 

. 340db3. 571 

1. 770d=2. 939 




WINTER RATE 


NP to SP 

1 980d=1.380 i 

2. 955=fcl. 432 

“1.385=1:1.257 

NP to WP 

.770=1=1.133 

2.200=1: .813 

1.546d= .632 

NP to WSP 

1.290d=1.277 

s m±t.oso 

3. 685=hl. 268 

SPto WP 

— 1. 210:fcl. 090 

— . 766±1. 438 

2, 930=hl.2n 
5. 070d=L 6Sf) 

SPto WSP 

— . f)90d=l. 239 1 

.295=fcl 571 

WP to WSP 

.520± .956 

1. 050±1, 039 

2. 140=bl. 223 



SPRING RATE 


1 

NP to WP 

0.595=b .864 

-1.845=b .969 

--0.930± ,800 

NPtoSP ! 

6.m:izLm 

4 620d=2.086 1 

2 470±1.270 

NP to WSP 

4.906=1=1.119 

3.905=tL4r)0 

3. 240=1=1.740 

WP toSP 

6.700=1=1.934 

6.3ef!±tOOS i 

3 400^:1.243 

WPtO WSP 

4. 310=fcl. 039 

6 760=1:1 332 

4. 170± 1.720 

SP to WSP 

-1. 390=b2. 060 

615=1=2. 276 

. 770=1:1. 983 


1 For explanation of symbols see footnote to table 2. 


Table 3 shows that, as would be expected, occurrence of a pause or 
pauses in the winter period reduced the winter egg production by 19.9 
to 26.3 eggs in the various groups. The groups which showed spring 
pause did not differ signMcantly in winter production from the non- 
spring-pause groups. Likewise there was no significant difference in 
winter production between the winter-pause birds and those birds 
which besides the winter pause also exhibited a spring pause. 

Similarly, table 3 shows that spring production is reduced by the 
occurrence of spring pause by 17.3 to 31.9 eggs, while winter pause 
does not seem to have any effect on the spring production. The only 
exception to this is the case of the winter- and spring-pause group of 
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the H series. While still significantly below the nonpause and winter- 
pause groups in spring production, this group shows a mean spring 
production higher by 13.65 eggs than the group which paused during the 
spring only. This figure is slightly more than three times its probable 
error and as such approaches the borderline limit of statistical signifi- 
cance. 

Table 3, which also shows differences in winter rate between the 
various groups, is of interest since it discloses that winter rate as 
here calculated is not affected by the occurrence of winter pause. 
Only two of the differences at all approach statistical significance 
and even these are less than 3.5 times the probable error. In 3 of 
the 12 cases, the group showing winter pause has a higher winter rate 
than the corresponding nonpause groups. This seems to be an indi- 
cation that winter pause should not be considered merely as a mani- 
festation of low rate. 

So far as spring pause is concerned, it may be seen from table 3 
that in some cases this condition appears to affect the rate of spring 
production. Of the 12 differences in spring rate between the groups 
not pausing in the spring and the groups exhibiting a spring pause, 3 
are statistically significant while 2 more are below 3,5 but above 3.0 
times their respective probable errors. There is, therefore, a possi- 
bility of an association between spring rate and spring pause. The 
coefficients of association between low spring rate and spring pause 
were found to be +0.492, +0.344, and +0.286 for the F, G, md H 
series, respectively. Thus it seems that there is a difference in the 
nature of the winter and spring pauses. Should any genetic inter- 
pretation of winter pause, such as that of Hays {1 ), be accepted, one 
must perforce conclude that the spring-pause condition, if genetic in 
nature, is governed by factors other than those controUmg winter 
pause. 

In order to determine whether or not pauses have an effect on the 
production in periods immediately preceding and immediately fol- 
lowing them, the rates of production for the 15 days before and for 
the 15 days after a pause were calculated. These values are pre- 
sented in table 4 together with the rate for the total winter or spring 


Table 4. — Rate of 'production for 15 days preceding and for 15 days following a pause 



Winter rate 

Spring rate 

Group > 

Pre- 

pause 

Total 

period 

Post- 

pause 

Pre- 

pause 

Total 

period 

Post- 

pause 

Series F; 

WP 1 

1 

58.96 

62.30 

68.83 




SP - 

61. 23 

69.28 

77. 81 

WSP 

67.23 

61.78 

68 96 

68. 47 

70.67 

67. 40 

Series G: 

WP 

60.70 

64.76 

54.83 

SP 

69. 33 

70. 26 

66. 67 

WSP 

58.81 

63.71 

50 36 

68.23 

70. 87 

65. 17 

Series H: 

WP 

64.70 

68.20 

67.27 

SP 

73 34 

72.27 

62.23 

WSP-- - 

62.66 

66.06 

66.23 

69.60 

72.00 

67.54 



3For explanation of symbols see footnote to table 2. 
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periodj as the case may be. The rate both before and after a pause 
seems to be somewhat depressed except in a few cases. This reduc- 
tion in rate preceding and following the pause may be an expression 
of the factors producing the pause and not a true manifestation of 
factors for rate, at least in the case of winter rate, since, as shown in 
table 3, the winter rate of pausers for the whole period does not 
differ significantly from the winter rate of nonpausers. 

COEFFICIENTS OF CORRELATION 

CoefiS-cients of correlation between the four factors studied were 
computed and are presented in table 5. The most significant points 
to be noted from these correlations are: 

(1) The coefficients of correlation between winter rate and winter 
production are, as expected, somewhat higher in groups which did not 
pause in the winter than in groups which did. 

Table 5. — Coefficients of correlation in the different series as calculated from the 

data m table 3 


Factors correlated 

F series 

G series 

H series 

Group WP. 1 

Winter pi oduction and winter rate - 

0.288±0 058 

0 460±0 052 

0. G34=h0. 055 

Winter production and spring production- 

. lOldr . 063 

227± 063 

.445=fc .074 

Winter production, and spring rate 

. 179± . OGl 

.327± 059 

.3S8± ,078 

Winter rate and spring production 

. 327± . 066 

.478i .061 

.431d= .075 

Winter rate and spring rate 

.422± .052 

.572± .044 

.692=h .060 

Spring production and spring rate 

. 839± . 019 

.812d= .021 

.818:^ .030 

Group SF:‘i 

Winter production and winter rate 

.897± .040 

.927± .021 

.955d: .010 


.726± .096 

.376± .130 

.122=fc 184 

Winter production and spring rate 

.367=h .176 

. 548=b 106 

.4Ud= . 155 

Winter fate and spring production 

. 660d= . 114 

.411=b .126 

i .149=t .183 

Winter rate and spring fate-- --- 

. 261d= , 189 

. 626± 086 

.381d: 160 

Spring production and spring rate 

b24± ,124 

.S28d= .047 

A77± .144 

Group WSP: i 

Winter production and winter rate 

.411± .084 

.014± .064 

. 75S± 003 

Winter production and spring production 

.241d= .095 

.112=fc .101 

.2.53=fc 139 

Winter production and spring rate - 

.026± .101 

.392d= .080 

.058± .149 

Winter rate and spring production 

.354=fc .088 

.059=b .102 

.226=1: .141 

Winter rate and spring rate 

.354± .088 

.363± .089 

.2nd: ,142 

Spring production and spring rate - 

.604tfc: .064 

.746± .(M5 

.888d: .031 

Group NP: 1 

Winter production and winter rate - - 

.S81± ,028 

.SOGdb .018 

.720=1= .039 
.307=h ,009 
.376d: .009 

Winter production and spring production 

Winter production and spring rate 

.294d= .110 
.389=fc: .107 

.434± .073 
472=h .070 

Winter rate and spring production 

.322i: .114 
.401=fc .107 
.882± .028 

,443i: .072 
.455=b .071 

.673=1= .064 
.631=fc 057 
. 905* 000 

Winter rate and spring rate 

Spring production and spring rate- 

.927d= .013 



5 For explanation of symbols see footnote to table 2. 


(2) The correlation coefficients between spiing rate and spring 
production are higher in the nonspring-pause groups than in the 
spring-pause groups, although the differences here are not so marked 
as in the case of the winter period. The occurrence of broody periods 
in the summer months in groups which did not show any pause is 
probably responsible for this. 

(3) The magnitude of the correlation coefficients between winter 
and spring production varies from +0.101 ±0.063 for the WP group 
of the F series to +0,726±0.096 for the SP group of the same series. 
No particular regularity can be observed in the variation of this 
coefficient. 

(4) The correlation between winter and spring rate also shows some 
variation, the lowest coefficient being +0.211 + 0.142 for the WSP 



Jan. 1, 1936 


The Relation of Pauses to Rate of Egg Production 


45 


group of the H series, and the highest +0.626 zb 0.086 for the SP group 
of the G series. It is a fact of great importance that, in all cases except 
two, winter rate is more closely correlated with spring rate than is 
winter production with spring production. The two exceptions 
represent populations of 11 (SP group, F series) and of 16 (WSP 
group, H series) respectively. It should also be noted that the corre- 
lation between spiing rate and winter rate may be somewhat reduced 
in the total population as a result of spring pause. 

Figure 1, based on the total population of 578 birds, illustrates the 
regression of spring rate on winter rate. It is definitely liuear, 
the difference between the correlation ratio and correlation coefficient 
being, according to Blakeman’s test, 0.017 + 0.007. Hays and San- 
born (^), however, found that the correlation between winter- and 
spring-clutch size was curvilinear to a small degree. 

It may be seen from the slope of the line in figure 1 that the per- 
centage of iinprovement in spring rate over winter rate is greater in 
the birds \vith the lower winter rate. Birds exhibiting a winter 
rate of about SO percent and over do not show any increase of rate 
in the spring, and may even exhibit a decline. On the whole, it may 



Figure l.— Regression of spring rate on winter rate; SR-U 256 + 0.463 WR. 

be seen that there is a possibility that the winter and the spring rates 
are governed by the same genetic factors, their expression depending 
on environmental conditions. 

It may be reiterated here that two views on the matter are possible. 
One view, that of the Beltsville workers (7, 8), is that pauses are a 
reflection of a low rate, the other, held by Hays and Sanborn (5, 6), 
is that winter pause is a separate entity. The evidence presented 
here may be interpreted to mean that pauses, whether genetically or 
environmentally determined, should be excluded in any method of 
measuring rate. 

The effect of inclusion of pause periods in the calculation of rate 
may be observed in table 6. Series G is used as the one with the 
largest number of individuals. The winter and spring rates are 
shown for the various groups as calculated by two methods. The 
Beltsville method consists in dividing the number of ^gs in a 
period X 100 by the total number of days, while in the California 
modification of the Massachusetts method the^ days of pause and of 
broodiness are first subtracted from the denominator. 
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Taple 6. — Comparison of fneihods of measuring rate of production in various 
groups ^ of the G senes hy Beltsville and California methods 


Kate and method 

WP group 

Sr group 

WSP gioup 

NP group 

Winter: 



4G. 05 

03. 33 

40. 71 

65. OG 

California. ... 

04. 7G 

04 00 

03. 71 

00. 90 

Spring. 

PeltsviU*^- - -- 

74. 10 

57. 50 

50. 03 

74.13 

California 

70. 02 

70 25 

70.87 

74. 77 


1 For explanation of symbols see footnote to table 2. 

According to the Beltsville method, the birds in the WSP and the 
NP groups are, respectively, low and high for both periods. In 
the WP group the birds are low for winter rate but high for spring 
rate, while in the SP group the reverse is true.^ On the other hand, 
according to the California method, the birds in each of the groups 
show the same type of rate iirespective of the^ season for wliich rate 
is calculated. By using the regression line in figure 1 it is then 
possible to approximate the rate of one period from information on the 
rate of the other. If rate is a character controlled by the same factors 
throughout the year, this evidence indicates that tliere is no justifica- 
tion for any method of measuring rate which does not exclude the 
pausing periods from consideration. 

The absence of any relationsliip between winter rate as here cal- 
culated and some of the other factors which may affect production is 
shown by the following coefficients of correlation (WP group, G 
series) between — 

Winter rate and — 

Date of hatch — 0. OUiO. 066 

Date of first egg - 005 i . 066 

Age at first egg 046i: .066 

Winter pause length — . 078 i . 060 

While Hays (S) has found that his nonbroody line of Khode Island 
Reds had a mean winter production higher by about 12 eggs than 
his broody line, in the case of the Single Comb White Leghorns hero 
studied, there was no difference between broody and nonbroody birds 
in rate of winter production, but there was some difference in spring 
rate. Table 7, illustrating this point, shows that the broody birds 
had a higher rate of spring production than the nonbroody birds. 
Because of the small number of broody birds, it is not possible to 
check the significance of this observation by the usual methods. 


Table 7. — Rate of production of broody and of nonhroody birds 



Total 


Winter rate 

Spring rate 

Hones or group ‘ 

popu- 

lation 

Broody 

All birds 

Broody 

birds 

All birds 

Broody 

birds 

F 

200 

Number 

11 

62.226 

62.400 

73.776 

75.091 

WPin G 

104 

10 

64. 756 

64. 400 

76.616 

80.600 


224 

26 

64.746 

66.640 

74.480 

SO. 320 


154 

8 1 

68. 980 

69.600 1 

76.280 

80. 500 


* For explanation of symbols see"footnot© table 2- 
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CONCLUSIONS AND SUMMARY 

A study of the relation of pauses to the rate of egg production was 
made on a selected population of 578 Single Comb White Leghorns 
in their pullet year. The birds were selected for absence of patho- 
logical conditions and for fairly uniform early sexual maturity. Three 
series of birds, hatched in 3 consecutive years, were represented in 
the total population and each series was treated separately. Analyses 
of differences in the rate of production between pausing and nonpaus- 
ing birds, as well as a study of correlations between rate and number 
of eggs laid during different periods led to the following major con- 
clusions: 

(1) The condition of winter pause is causally distinct from that of 
spring pause and is entirely separate from it. 

(2) The view that winter pause is merely a manifestation of low 
winter rate is untenable. 

(3) Spring pause may be associated with low spring rate, but no 
conclusive evidence on this point is as yet available. 

(4) Spring rate shows a linear regression on winter rate and an 
increase over it when the latter is below 80 percent. Evidence on 
hand points to the possibility that the same genetic factors control 
both winter and spring rate of production. 
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THE EFFECT OF HOMOGENIZATION ON SOME OF THE 
CHARACTERISTICS OF MILK FAT ' 

By I. A. Goitld and G. M. Teottt, research assistants in dairy hnshafKtry, Michigan 
Agricvltural Experim^Tii Station ^ 

INTRODUCTION AND RETIEW OF LITERATURE 

The adaptation of the homogenization process to the markefc-milk 
industry has been confined largely to pasteurized milk, since raw milk 
was found to develop a rancid flavor within a few hours after bemg 
homogenized. The rapid development of rancidity in homogenized 
raw rmlk and the absence of a similar development in milk pasteurized 
prior to homogenization has been noted by several investigators, 
mcluding Dorner and Widmer {6),^ Halloran and Trout, (d), Doan 
and Minster (^), and Babcock {2). Dorner and Widmer [5) attributed 
the development of the rancid flavor to lipase action resulting in the 
splitting of the fat to give free fatty acids. This view has been gener- 
ally accepted by other investigators. The associates of Rogers (8) had 
earlier pointed out that the production of free fatty acids in some 
dairy products is due primarily to hydrolytic action of enzymes or the 
action of free acids in the product in the presence of water. These 
authors state further that the production by hydrolysis of some of the 
lower fatty acids, such as butyric, caproic, and others, are responsible 
for the rancid flavor and odors. 

Dorner and Widmer (5), and Halloran and Trout (d), working 
independently, observed an increase in titra table acidity of homo- 
genized raw milk, the increase appearing immediately sifter homo- 
genization and varying directly with, the pressure used Pasteuriza- 
tion before homogenization prevented the occurrence of any increase 
in acidity, Doan and Minster (4) secured similar results by pH 
measurements. 

The decrease in the surface tension of homogenized raw milk, as 
noted by Halloran and Trout {6), was ascribed by Doan {3) to be the 
result of the liberation of some of the lower fatty acids from the glyc- 
eride, and an increase in their concentration at the surface of of the mflk. 

The associates of Rogers (S), Lewkowitsch (7), and others give 
the normal ranges of characteristic mi]k-fat constants, such as refrac- 
tive index, Reichert-Meissl number, Polenske number, and acid value. 
However, no information is available regarding the effect of homo- 
genizing either raw or pasteurized milk on these values. According 
to the former authors, the normal range of the refractive index of milk 
fat at 40^ C. is from 1.4527 to 1.4566. ^ Lewkowitsch (7, v, 1, p. 124 ) 
studied pure fatty acids and found the indexes of butyric and caproic 
acids at 20^ C. to be 1.39906 and 1.41635, respectively. 

1 Received for publication July 22, 1935; issued Tebruary 1936. Journal article no. 223 (n. s) from the 
Michigan Agricultural Experiment Station. 

2 The authors wish to express their appreciation to Prof. G. I). Ball, Chemistry I>epartment, Michigan 
State College, for valuable suggestions and criticisms relative to this study. 

3 Reference is made by numoer (italic) to Literature Cited, p. 56. 


Journal of Agricultural Research, Vol. 62, no. 1 

Washington, I). C. Jan. 1, 1936 

Key no. Mich.- 


49563 - 36 - 


4 


( 49 ) 



50 


Journal of Agricultural Research 


Vol. 52, no 1 


SCOPE OP INVESTIGATION 

Although suggestions have been made that increases in titratable 
acidity, decreases in the hydrogen-ion concentration, and development 
of rancidity in homogenized raw milk were due to changes in the fat, 
all evidence for these assumptions has been more or less indirect in 
that the measurements have been made upon the milk rather than 
upon the fat itself. In this connection it appeared of interest to 
determine the actual chemical changes in the fat brought about by 
homogenization both of raw and of pasteurized milk, and to determine 
the extent to which the fat is changed in the development of rancidity. 
To secure such information, a study of changes m some of the fat 
constants appeared to offer the best possibilities. The fat constants 
chosen for examination were as follows: The Reichert-Meissl number, 
the Polenske number, the acid degree, and the refractive index. 

PROCEDURE 

Raw milk having a fat test of approximately 3.5 percent was used 
for the experiments. During each of the five trials run, the milk was 
divided into four lots and processed with commercial equipment, as 
follows: 

Lot 1 . Pasteurized at 145° F. for 30 minutes. 

Lot 2. Pasteurized at 145° F, for 30 minutes, and then homogenized 
at 1,500 pounds pressure per square inch. 

Lot 3. Warmed to 100° F., homogenized at 1,500 pounds pressure, 
and immediately thereafter pasteurized at 145° for 30 minutes. 
About 10 to 15 minutes was usually required to reach the pasteurizing 
temperature after homogenization. 

Lot 4. Homogenized at 100° F., cooled to about 55° over a surface 
cooler, and then stored at 35° to 40° for 24 hours. After storage, the 
milk was pasteurized, as in the previous lots. 

Following the processing of the lots, samples were taken, cooled, 
and the pH value and titratable acidity of the milk determined. 
The pH value was obtained electrometrically wdth a Leeds-Northimp 
portable acidity meter using a^ bright platinum foil electrode and 
quinhydrone for the determinations. The milk was then separated, 
and the cream churned. The fat obtained was washed several times 
with water and melted in a hot-water bath. It was further purified 
by ffltering through a paper filter to eliminate curd and water. The 
pulled fat obtained was used for the determination of the Reichert- 
Meissl number, the Polenske number, the acid degree, and the refrac- 
tive index. An Abb^ refractometer was used, according to the direc- 
tions of the Association of OflBcial Agricultural Chemists (i). 

RESULTS 

THE EFFECT OP HOMOGENIZATION ON THE TITRATABLE ACIDITY AND 
HYDROGEN-ION CONCENTRATION OF THE MILK 

As mentioned previously, several investigators observed the effect 
on the titratable acidity and the hydrogen-ion concentration when 
raw and pasteurized milk were homogenized. These published 
results showed that the homogenization of pasteurized milk had no 
effect on the hydrogen-ion concentration or acidity, whereas the 
homogenization of raw milk increased the acidity and decreased the 
hydrogen-ion concentration. A verification of these results was 
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secured in tliis study, but the data are not included inasmuch as they 
are a repetition of what has formerly been thoroughly studied. It 
suffices to say that in the five trials made, no appreciable differences 
occurred either in the titratable acidity or in the hydrogen-ion con- 
centration when the milk was homogenized folio-wing pasteurization, 
but a noticeable change in both of these values was observed when the 
milk was homogenized raw and then pasteurized. These changes 
were greater when 24 hours had elapsed between homogenization and 
pasteurization. During this period, the titratable acidity increased 
from an average of 0.17 to an average of 0.20 percent, calculated as 
lactic acid, while the hydrogen-ion concentration value decreased from 
6.58 to 6.44. The determination of titratable acidity, calculated as 
lactic acid, appeared to be as accurate as hydrogen-ion concentration 
measurements in detecting acidity changes m the milk due to homo- 
genization. 

THE EFFECT OF HOMOGENIZATION OF MILK ON THE REICHERT-MEISSL AND 
POLENSKE NUMBERS OF THE FAT 

The data secured in the study of the influence of homogenization 
of raw and pasteurized milk on the Reichert-Meissl and Polenske 
values of the butterfat are presented in table 1, 


Table 1. — The effect of homogenizing raw and 'pasteurized milk upon the Reichert- 
Meissl and Polenske nurnhersy the refractive mdex, and the acid degree of the 
butterfat 

REICHERT-MEISSL NUMBER 


Trial no 


1 . 

2. 

3. 


4. 

5. 


Average. 


Pasteurized, 

unhomog- 

enized 

Pasteurized, 

homog- 

enized 

Raw, ho- 
mogenized 

Raw, ho- 
mogenized, 
stored 24 
hours 

29.68 

28.90 

30.21 

29.12 

31.25 

30. 94 

31.44 

31.00 

30.14 1 

30.00 

29.81 

29.24 

30.97 

30. 66 

30.80 

30.6,6 

28.18 

28.11 

27.93 i 

27. 79 

30.04 

29.72 

30.04 

29. 66 


POLENSKE NUMBER 


1 

3.27 

3. 27 

3.25 

3. 18 

2 

2.84 

2.83 

2.93 

2. 86 

3 

2.07 

2.07 

1. 89 

1.82 

4 1 

2.88 

2.99 1 

2. 80 

2.76 

5 . ' 

1.89 

2.00 1 

1.92 

1.93 




Average - 

2.59 

2.63 

2.56 

2.51 




REFRACTIVE INDEX 


1 

1.4542 

1.4541 1 

1.4641 

1. 4540 

2 

1.4552 

1.4552 1 

1.4561 


3 

1.4552 

1.4561 i 

1.4550 

1. 4661 

4 

1 4552 

1.4552 

1.4551 

1. 4648 

5 

1. 4661 

1.4660 

1.4560 

1. 4662 

Average — — 

1.4550 

1.4549 

L4645 

1. 4548 
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Table 1. — The effect of homogenizing raw and pasteurized milk upon the Reichert- 
Meissl and Polenske numbers, the refractive index, and the acid degree of the 
hutterfat — Continued 

ACID DEGREE i 


Trial no. 

Pasteurized, 

unhomog- 

enized 

Pasteurized, 

homog- 

enized 

Raw, ho- 
mogenized 

Raw, ho- 
mogenized, 
sl.ored 24 
hours 

1 .. . 

0.72 

0.74 

2 05 

9. 86 

2 

.32 1 

.33 

2 55 


3 

.67 

.60 

2 73 

11, 20 

4 — 

.60 

.60 

2. 53 

14. 40 

5 

.66 

.66 

2. 70 

6. 12 

Average - 

.672 

.566 

2. 008 

10 395 


1 Acid degree is expressed as the cubic centimeters of N/l NaOH required to titrate the free fatty acids m 
100 g of fat 

2 Not included in averages. 


The averages of these trials vary but do not show any general 
trend in changes of these constants. The data show no great differ- 
ences between the fat from the homogenized raw samples and that 
from the original unhomogenized pasteurized milk. The Reichert- 
Meissl and Polenske titrations decreased only 0.48 and 0.08 cc, 
respectively, in the 24-hour raw sample. Such changes appear 
negligible. 

THE EFFECT OF HOMOGENIZATION OF MILK ON THE REFRACTIVE INDEX OP 

THE FAT 

The results of the study of homogenization as it affects the refrac- 
tive index of the milk fat are also presented in table 1 . As shown in 
this table, homogenization of the raw or of the pasteurized milk had no 
marked influence on the refractive index. A slight decrease m the 
indexes of the fat from the raw samples is shown by the average of the 
trials, but the change is so slight as to appear of no value. 

THE EFFECT OP HOMOGENIZATION OP MILK ON THE ACID DEGREE OF THE FAT 

Although none of the fat constants reported in table 1 appeared to 
be affected by homogenization, the acid degrees of the fat were ma- 
terially changed. Table 1 gives the values secured. The data show 
that the average acid degree of the fat of the raw homogenized milk 
immediately after processing was approximately 4 times that of the 
pasteurized milk, whereas after the raw homogenized milk had been 
stored 24 hours the average acid degree of the fat was IS times that 
of the pasteurized milk. 

The acid values secured were practically constant between the 
two pasteurized samples, indicating that there was no liberation of 
fatty acids when the milk was pasteurized prior to homogenization, 

The acid degree of the fat in the raw homogenized sample in trial no. 
3 showed scarcely any increase as it did in the other four trials, and, 
because of this deviation, the value was not included in the averages. 

The values secured for the raw homogenized sampjles stored 24 
hours varied greatly. The exact cause for these variations is not 
known. 
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THE EFFECT OP LONG STORAGE PERIODS ON THE TITRATABLE ACIDITY AND 
HYDROGEN-ION CONCENTRATION VALUES OF THE RAW HOMOGENIZED MILK 
AND ON THE ACID DEGREE OP THE PAT 

Since the acid value was found to be so greatly affected when raw 
milk was homogenized, it was thought desirable to make a study of 
the changes in the free acids of the fat when the milk was stored for 
several days following homogenization. The raw milk was homo- 
genized at 1,500 pounds pressure, cooled immediately over a surface 
cooler to 55^ F., and stored at 35^ to 40°. Portions of this milk were 
taken at daily intervals, pasteurized, and the fat studied. The con- 
trol sample was pasteurized but not homogenized. 

Titratable acidities and hydrogen-ion concentration measurements 
were also made on the milk after varying periods of storage. The 
values of these latter determinations are given in table 2 and show 
a marked increase in titratable acidity and increase in hydrogen-ion 
concentration in the milk during the 5-day storage period. 


Table 2. — The effect of storing for varying 'periods of time, the titratable acidity, and 
hydrogen-ion concentration of raw homogenized milk 


Period alter lioinogeni- 

Trial no. 1 

Trial no. 2 

1 

Trial no. 3 

Average 

zation (hours) 

Acidity 

pH 

Acidity 

pH 

Acidity 

pH 

Acidity 

1 

pH 

Control - 

Percent 

0. 182 

6.42 

Percent 

0. 156 

6.60 

Percent 

0. 145 

6. 38 

Percent 

0. 161 

6.43 

6.40 

6.28 

6.28 

6.26 


.190 

6. 38 

.170 

6. 48 

.155 

6. 35 

.172 



24 

.240 

6.24 

.200 

6.28 

.185 

6. 32 

.208 

48 

.245 

6.25 

.240 

6.28 

.185 

6.32 

,223 

72 

.255 , 

6. 19 

.235 

6.28 

.190 

6. 32 

.227 

96 

.255 

6.14 

.238 

6.20 

.195 

6. 30 

.229 

6.21 

120 

.265 

6. 17 

.245 

6. 15 

.200 

1 

6.26 

.237 

6.19 



The data showing the effect of the varying periods of storage on the 
acid degree of the fat are presented in table 3. These figures show the 
tremendous increase of free acids in the homogenized raw milk during 
each of the storage periods. Even at the end of the fifth day the 
liberation of the acids continued rapidly. 


Table 3. — The effect of storing for varying periods of time on the acid degree of the 
fat of raw homogenized milk 


Period after homogenization (hours) 

! 

Acid degree of the fat 

1 

i 

Average 

Increase 

Trial no. 1 

Trial no. 2 

Trial no. 3 

Average 

Control— 

0,595 

0.646 

0. 460 

0.566 

Percent 

0 

U-H 

4.390 

3. 850 

2.615 

3.685 

633 

24- 

11.200 

9 960 

8.600 

9.920 

1,652 

48 

14.690 

13. 370 

8.560 

12.207 

^056 

72 

16.000 

14. 980 

10. 300 

13.760 

2,831 


18.600 

16.200 

10.870 

14,856 

2,624 

120 

18,400 

18. 010 

12.640 

16.350 

2,788 


The greatest daily change in the fatty-acid values occurred during 
the first 24 hours of storage^ the increase amounting to an average 
of 1,652 percent during this time. Furthermore, the acid value of the 
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fat increased on an average of 533 percent within a few minutes after 

homogenization. ^ ^ • • -u i 

The increase in the degree of free acids in the fat, and in titratable 
acidity, and the decrease of the pH value are shown in figure 1. In 
this figure the pH values were plotted as hydrogen-ion concentration 
[H+] so as to form a curve which may be compared as to slope with 
the curve of the acid value. 

Figure 1 shows the rapid increase in the free fatty acids during the 
first 24 hours, or even during the first few minutes, after homogeniza- 
tion. The speed of the splitting of the fatty acids from the glycerol 
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Figure l —Changes in the acid degree of the fat, the titratable acidity, and the hydrogen-ion concentration 
of raw homogenized milk. The umts indicating rH.+] should be multiplied by lO-? to express accurate 
concentration. The acidity is expressed as the percentage of lactic acid, and the acid degree as the number 
of cubic centimeters of N/l NaOH required to titrate the free fatty acids in 100 g of fat. 

by enzymic action apparently proceeds at a high velocity when the 
fat globules are first broken by the homogenizing process into smaller 
globules, thus exposing more surface to the splitting action. 

Figure 1 also shows that the titratable-acidity measurements of the 
milk followed increases in free acids of the fat somewhat more closely 
than the pH values. Since only three trials supplied data for this 
graph it may be presumptous to assume that this difference will 
always occur. It appears safe to say, however, that determinations 
of rancidity development in milk may be made as satisfactoiily with 
titration means as with potentiometric methods. 
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DISCUSSION 

Of the four fat constants investigated in the present study only the 
acid value showed distinct changes as a result of homogenization of 
raw milk. Homogenization of pasteurized milk did not cause any 
appreciable changes in the Reichert-Meissl number, the Polenske 
number, the refractive index, or the acid degree. 

If only the Hberation of the lower fatty acids occur in the fat of 
homogenized raw milk, no changes would be expected in the Reichert- 
Meissl or Polenske numbers since the amount of soluble volatile and 
insoluble volatile acids would naturally remain constant regardless 
of whether the acid was in the free or combined state. Itishkewise 
obvious that during the determination of these two constants, the 
lower fatty acids must necessarily be freed. 

A decrease in the refractive index of milk fat might be expected to 
occur with high concentrations of free acids, when consideration is 
given to the refractive indices of pure fatty acids. The average 
refractive index of the fat in this study was 1.4548 at 40° C., whereas 
Lewkowitsch (7, v. 1, p. 124) gave a value of 1.39906 at 20° for pure 
butyric acid. Correcting the milk-fat index of 1.4549 at 40° to 20° 
by using the temperature correction formula JS=i2'+0.00038 (T'— T) 
as ^ven by the Association of Official Agricultural Chemists (1), 
the index of refraction of the fat is increased to 1.4625. This correc- 
tion makes even larger the difference between the indexes of the 
butyric acid and the fat, indicating that the presence of any appreci- 
able amount of butyric acid would have a marked tendency to lower 
the index of refraction of milk fat. In the trials herein reported, 
however, no great differences were detected even though the acid 
degree increased on an average from 0.572 to 10.40 during a 24-hour 
holding period. The averages of the five trials show a slight decrease 
in the refractive index of the fat in the raw samples, but the decrease 
is so small as to appear negligible. A greater decrease than this would 
be expected with an acid degree of 10.37, or the presence of 0.912 
percent n-butyric acid. 

In this connection, however, the refractive index of the glycerol 
must not be overlooked. Lewkowitsch (7, v, 5, p, 402) gives v^ues 
for pure glycerol secured both by Strohmer and Lenz which are higher 
than the index values of butterfat. The refractive index of glycerin 
at 20° C. is approximately 1.4727. Therefore, when butterfat is 
hydrolyzed, the slightly higher index of refraction of glycerin might 
tend to balance the lower values of the free fatty acids. 

The interesting point in regard to the acid degrees of the fat taken 
from raw homogenized milk after varying periods of storage is the 
large increase in this value. The increase on an average of 2,788 
percent over the control pasteurized sample after 5 days^ storage 
illustrates the rate at which fat-spfitting action proceeds even at 
low-storage temperatures. Calculations show that the 16.35 cc of 
N/1 NaOH required to titrate the free acids in 100 g of fat are equiva- 
lent to 1.4388 g of butyric acid. Assuming the butyric acid content 
of butterfat to be 3 percent, these values indicate that about 48 
percent of the butyric acid is liberated at the end of the 5-ffay storage 
period. This value may be somewhat low if consideration is given 
to the possibility that some of the glycerol and but 3 rric acid are lost 
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during the washing of the fat. Likewise, it is likely that other lower 
fatty acids in addition to butyric are affected by the fat-splitting 
process. 

It is known that the homogenization process increases the surface 
of the fat globules about 4 to 6 times. The data obtained in this 
study show that the acid degree of the fat in the raw homogenized 
samples increased fourfold to sixfold wnthin a few minutes after 
homogenization of raw milk. Perhaps the entire immediate increase 
in the acid degree following homogenization may be explained by the 
increase in the surface of the fat, thus permitting greater fat-splitting 
activity by the causative agent. Further increases may be due not 
only to enzymic action but to the presence of the free acids which 
hasten further hydrolysis of the fat. 

From time to time rather distinct differences were observed be- 
tween the speed with which the acid value increased in samples of 
milk with the same fat content. These differences may have been 
partly due to changes in storage temperatures but more likely were 
principally caused by variations inherent in the milk itself. 

SUMMARY AND CONCLUSIONS 

No appreciable differences in the Reichert-Meissl number, the 
Polenske number, the refractive index, or in the acid degree occurred 
in the fat when pasteurized milk was homogenized at 1,500 pounds 
pressure per square inch. 

When raw milk was homogenized, the acid degree of the fat 
increased fourfold to sixfold within a few minutes. 

The normal average acid degree of the fat (expressed m cubic 
centimeter N/1 NaOH per 100 g of fat) was 0.572. This value 
increased in raw milk to 2.608 immediately after homogenizing. 

The greatest daily change in the acid degree of the fat of stored 
homogenized raw milk occurred during the first 24 hours when the 
titration of free acids with N/1 alkali increased on an average from 
0.566 to 9.92 cc, a 1,652-percent increase. 

Homogenized raw milk, stored for 5 days, required an average of 
16.35 cc N/1 NaOH to titrate the free acids in 100 g of fat, or an equiv- 
alent of 1.4388 g of butyric acid. 

The measurement of free fatty acids by titration of the fat appears 
to be a more accurate and more sensitive means of determining the 
rate of fat-splitting action than those determinations which may be 
made upon the milk. 


LITERATURE CITED 

(1) Association of Official Agricultijral Chemists. 

1930. OFFICIAL AND TENTATIVE METHODS OP ANALYSIS . . . Compiled by 
the committee on editii^ methods of analysis. Ed. 3, 693 pp., 
illus. Washington, D. C. 

(2) Babcock, C. J. 

1934, THE EFFECT OF HOMOGENIZATION ON CERTAIN CHARACTERISTICS OP 
MILK. U. S. Dept. Agr. Tech. Bull. 43S, 12 pp., illus. 

(3) Doan, F. J. 

1933. CRITICAL PREHEATING TEMPERATURES FOR INHIBITING RANCIDITY 
^ ^ INT HOMOGENIZED MILK. Milk Dealer 23(2): 40-42, 64, illus. 

(4) and Minster, C. H. 

1933- THE HOMOGENIZATION OP MILK AND CREAM. Pa. Agr. Expt. Sta. 
Bull, 287, 20 pp., iUus. 



Jan 1, 1936 Effect oj Homogenizatiou on Characteristics of Milk Fat 57 


(5) Doener, W., and Widmer, A. 

1931* RAKCISSEMENT DU LAIT PAR L’HOMOG6i^^lISATIO\^. Lait 11: [545]- 
564, iUus. 

(6) Halloean, C. P., and Trout, G. M. 

1932. EFFECT OP VISCOLIZATION ON SOME OF THE PHYSICAL PROPERTIES OF 

MILK. Amer. Dairy Sci. Assoc. Abstracts Proc. Ann. Meeting 
27: 17. 

(7) Lewkowitsch, J. 

1921-23. CHEMICAL TECHNOLOGY AND ANALYSIS OF OILS, FATS AND WAXES. 

Ed. by G. H, ’Warburton. Ed. 6, entirely rewritten and enl., 
3 V., ilius. London. 

(8) Rogers, L. A., Associates of 

1928. FUNDAMENTALS OF DAIRY SCIENCE . . . 543 pp. , illus. New York. 




PERIDERM AND CORTEX COLOR INHERITANCE IN 
THE POTATO ^ 

By F. A. Krantz,^ associate professor of horticulture, in charge of vegetable gardening, 
Minnesota Agricultural Experiment Station, and collaborator. Division of Fruit 
and Vegetable Crops and Diseases, United States Department of Agriculture, 
and Harold Mattson, assistant^ in horticulture, Minnesota Agricultural 
Experiment Station, and agent. Division of Fruit and Vegetable Crops and Dis- 
eases, United States Department of Agriculture 

INTRODUCTION 

Red and blue tuber color in varieties of white-and yellow-flesbed 
potatoes {Solarium tuberosum L.) is due to pigment located in the 
periderm, in the peripheral cortex, or in both periderm and cortex. 
Krantz {5) ^ found the location of pigment to be specific for certain 
progenies. Location of pigment is not always indicated, and in 
general receives little attention in the contributions of Salaman {10, 
11), Asseyeva {!), Sirks {12), Lunden (7), Black {2), and Ratldef 
{9), McIntosh (^) and lOapp {S) found, in systematic studies of 
potato varieties, that color of flowers was associated with color of 
periderm, but not with color of cortex. This paper presents data on 
the inheritance of periderm color and cortex color and also considers 
interaction between periderm and cortex color factors. 

INHERITANCE OP RED COLOR IN THE PERIDERM 

Color in the periderm (the cork or skin) may usually be recognized 
in portions of the periderm separated by light scraping from the under- 
lying tissue of immature tubers. 

Previous observations {4, 5, 6) have aided the formulation of a 
working hypothesis which assumes that red periderm color is due to 
the complementary action of three factors E, S, and F, 

The frequencies of red-periderm and white-periderm individuals 
in progenies of 11 various selfed parents are recorded in table 1. 
The distribution suggests a relation of 3 : 1 in family no. 85, the prog- 
eny of a plant of unknown tuber color, and 9:7 in 3 families and 
27:37 in 3 families, progenies of selfed seedlings which had red tuber 
color only in periderm of the eye region. These numerical relation- 
ships would be expected if three interacting factors were operating to 
produce red color in the periderm and if the respective parents were 
segregating for 1, 2, and 3 factor pairs. 

The relation of 45:19 suggested by the frequencies in progenies of 
3 red-periderm parents, the Triumph variety and seedlings nos. 
5-10-1 and 5-14-8-1, would be expected if these parents were heter- 
ozygous for 3 pairs of interacting factors, 2 of which were duplicates. 

1 Received for publication July 16, 1935; issued February, 1936. Journal Series Paper No. 1370 of the 
Minnesota Agricultural Experiment St&tion. 
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Table 1. — Peridei rn color in progenies of certain selfed potato plants 


Seedling or 
variety no. 


Periderm 
c?olor of 
parent 


How derived 


85. 


Unknown. 


41-2-2-3 

8-4 

22 - 2 - 22 . 


Eed eye 4 

do.U. 

do.U. 


5-3 


■do.V 


5-G 

41-2-7. _ 

5-10-1 

5-14-S-l. 


.do.4 

.do.4 


Eed... 
do. 


Triumph ! do 

5-14 1 Light red. 


/Observed 

ICalciilated 

/Observed 

\ Calculated 

/Observed 

1 Calculated 

/Observed 

ICalculated 

/Observed 

1 Calculated 

/Observed 

ICalculated 

/Observed 

ICalculated 

/ Observed 

ICalculated 

/Observed 

ICalculated 

/Observed 

ICalculated 

/Observed 

ICalculated 


Progeny having indi- 
cated periderm color 

Suggested factorial 
formula 

Theo- 
retical 
ratio of 

Red 

White 

Total 

red to 
white 

Number 

153 

Number 

47 

Number 

200 

EE SSFJ- 


150 

50 

200 


3.1 

125 

95 

220 

Ee Ss F F 


123. 75 

96 25 

220 


9.7 

94 

89 

183 

EeSsFF.-.. 


103 

80 

183 


9.7 

75 

43 

118 

Ee Ss FF 


66 

52 

118 


9:7 

213 

262 

465 

Ee Ss Ff 


196 

269 

465 


27:37 

37 

32.5 

40 

77 

Ee Ss Ff -- 


44.5 

77 


27:37 

30 

56 

86 

EeSs Ff 


36 

50 

1 86 

27:37 

223 

89 

312 

EeSsS'&'FF - 


219 4 

92 6 

312 


45:19 

67 

34 

101 

Ee E'e' Ss FF. 


71 

30 

101 


45:19 

252 

102 

354 

Ee E'e' Ss FF. 


249 

105 

354 


45-19 

35 

26 

61 

Ee E'e' Ss Ff. — 


32 

29 

61 

135.121 


1 Red confined to periderm of eye region. 


The proportion of red to red-eye periderm color was 71 to 152 in 
family no. 5-10-1, in contrast to the proportions of 198 to 54 and 
49 to 18 in progenies of the Triumph and no. 5-14-8-1. ^ This 
difference suggests that the pair of duphcate factors segregating in 
seedling 5-10-1 is not the same as the pair of duplicate factoi's heter- 
ozygous in the Triumph and in no. 5-14-8-1. 

Its light red-periderm color, the distribution of color in its progeny, 
and in the progeny of its second-generation seedhng no. 5-14-8-1 are 
considerations which suggest that seedling no. 5-14 was heterozygous 
for 4 pairs of interacting factors, 2 of which were duplicates. 


INHERITANCE OF CORTEX COLOR 

Cortex color is assumed to be governed by four pairs of interacting 
genes. According to this worlang hypothesis, red-cortex color is 
considered to be due to the complementary action of factors J?, D, 
and Cy and blue cortex to result from the addition of a factor P. 

INHERITANCE OF RED COLOR IN THE CORTEX 

I As recorded in table 2, the proportions of red-cortex individuals in 
j families resulting from selfing the Flourball and Early Ohio varieties 
and in the progeny, no. 10.22, of a cross between the Early Ohio and 
a white-cortex seedling suggest that these varieties were heterozygous 
for two interacting factors for cortex color. A sinular condition is 
indicated for Early Ohio seed^g no. 41-17 by its color and by the 
proportion of red-cortex individuals in family no. 11. 

When five cortex-color seedlings of famjdy 11 were selfed, the 
behavior of faint-red cortex seedlings nos. 11-4 and 11-8 indicated 
that they may have been heterozygous for three pairs of interacting 
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cortex color factors. The behavior of seedhng no. 11-4 in crosses 
recorded in tables 2 and 3 supports this conclusion, especially when 
considered in comparison with the behavior of light-red cortex seedling 
no. 11-3 in similar crosses. 

Table 2. — Cortex color in 'progenies of self ed red-cortex indiuiduals and in progenies 
of certain red-cortex X white-cortex crosses 


Family 


41 

10 22 
11 


11-4 

11-8 

11-3 

11-6 

11-7 

17.26 
22. 26 


Parents and color 


Flourball (light red). 


Early Ohio (light red) 

/Early Ohio (light red)X 
1 no, 4. 

/No. 41-17 (light red) X no. 
{ 4-9-1 (white). 

Selfed seedlings of family 
no. 11: 

No. 11-4 (faint red) 

No 11-8 (famt red) 

No. 11-3 (light red) 

No. 11-6 (hght red) 

No 11-7 (hght red) 

(No 11-4 (famt red)Xno. 
i 4-27 (white). 

/No 11-3 (light red)Xno. 
1 4-27 (white) 


Progeny having indicated cortev color 


How derived Red White Total 


/Observed 

ICalculated 

/Observed 

ICalcolated 

/Observed 

1 Calculated 

/Observed 

ICalculated 


Numberl 
84 
84 
315 
303 
17 
21 
124 
131 


N'umberl 
66 
66 
223 
235 
39 
35 
225 
218 


Number 
150 
150 
538 
538 
56 
56 
349 
349 


Suggested 

factorial 

formula 


CCRr Dd 

CCRpPdf'.y. 

CC 'Rt Bd X cc 

i?r dd.. 

CCRt Dd X cc 
i?r dd 

Cc Rt J)d 

CcRt Dd 

Cc RR Dd 

Cc RR Dd 

Cc RR Dd 


Theo- 
retical 
ratio of 
red to 
white 


9.7 
3 5 
3.5 


27 37 
27.37 
9 7 
9‘7 
97 


Table 3. — Data relating to progeny inheritance of blue cortex color 


Family 

no. 

Parents and color 

Progeny having indicated cortex 
color 

Blue 

Red 

White 

Total 



Num- 

Num- 

Num- 

Num- 



bet 

her 

ber \ 

ber 

54.26 

Russet Rural (white) X no. 11-4 (faint red)-- 

16 ! 

21 

53 

90 

38.26 

Russet Rural (white) X no. 11-3 (light red) 

42 

52 

108 i 

202 

53 26 

Russet Rural (white) X no. 41-1 (white) 

0 

0 

31 1 

31 

40.26 

41-1 (white) X no. 11-3 (light red)- 

0 

22 

26 1 

48 


INHERITANCE OF BLUE COLOR IN THE CORTEX 

Data relating to the inheritance of blue-cortex color is recorded in 
table 3. Blue-, red-, and white-cortex seedlings were observed in 
families resulting from crosses between the white-cortex Russet Rural 
variety and red-cortex seedlings nos. 1 1-3 and 1 1-4. The nearly equal 
occurrence of blue- and red-cortex individuals in each of these families 
suggests that the Russet Rural may have been heterozygous for a 
factor for blue-cortex color and that this factor, designated P, when 
present with the factors necessary for red-cortex color, produced blue- 
cortex color. The behavior of wMte-cortex seedling no. 41-1, a seedling 
of the Early Ohio, in crosses with seedling 11-3 and Russet Rurm 
suggests that seedling 41-1 and Russet Rural were probably recessive 
for the same factor pair. 
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RELATION OF COLOR IN PERIDERIM AND CORTEX 

The individuals of family 85, progeny of a plant of unknown tuber 
color, are classified in table 4 in four color classes. The frequencies 
suggest a relation of 3 : 1 for periderm color and 9 : 7 for cortex color. 
A comparison of the observed frequencies with the combined ratio of 
27:21:9:7 for the two character pairs show good agreement, P equal- 
ing 0.54. It appears that in fanuly no. 85 a factor for periderm color 
is segregating independently of two factors for cortex color. 


Table 4. — Segregation of periderm and cortex color in family no. 85 


j 

Progeny having indicated color 

Item 

Red periderm, 
red cortex 

Red periderm, 1 
white cortex 

White periderm, ; 
red cortex 

White periderm, 
white cortex 

Total 

Observed 

ss 

65 

31 

16 

200 

Calculated 

SI 

66 

28 

22 

200 




The absence of blue periderm-red cortex and red periderm-blue 
cortex individuals in family no. 100.27, progeny of a cross between a 
blue-periderm and a red-cortex parent, as recorded in table 5, suggests 
that the factor P may operate in both periderm and cortex to change 
red color to blue. This view is in harmony with the data relating 
to progenies of crosses between the Ruraly a smooth white tuber 
variety, and three selected parents, as recorded in table 6. Color 
was confined to the periderm in blue and red individuals in family 
no. 50.31 whose pollen parent was a red-periderm seedling. Eed 
and blue color characterized only the cortex in those families whose 
pollen parents were derived from red-cortex parents. The 3:1 rela- 
tion of blue to red apparent in each of these progenies suggests that 
the Rural may have been heterozygous for two duplicate factors, 
P and P'y each capable of changing red periderm and red cortex to 
blue. 


Table 5 . — Color classes in a cross of blue periderm X red cortex {accession no, 
IBo y. 1 1-3-6) f family no. 100.27 


Cortex color 

Progeny having indicated 
periderm color 

Total 

Blue 1 

Red 

White 

1 

Blue . * 

Number 

5 

0 

9 

Number \ 

0 

3 

1 

Number 

4 

1 

3 

Number 

9 

4 

13 

Red - ""i 

White ■ / 'j 

Total ! 

14 

4 

8 

26 

1 
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Table 6. — Color in periderm and cortex in 'progenies of crosses between the Rural 
variety and certain pollen parents 





Progeny having color in— 


Family 

no. 

Parents and color 

Periderm 


Cortex 


Total 



Blue 

Red 

Blue 

Red 

White 

50 31 

Rural (white X no 5-3-2 (red periderm)... 

Number 

20 

Number 

3 

Number 

0 

Number] 
0 1 

Number 

30 

Number 

53 

56.31 

Rural (white) Xno. 7-1-2 (white) 

0 1 

0 

26 

9 

26 

61 

58 31 

Rural (white) X no 11-4-16-2 (white) 

0 

0 

31 

14 1 

1 

26 

71 


SUMMARY 


This paper is concerned with the inheritance of color in periderm 
and cortex of the potato, Solanum tuberosum L. 

The segregation of red and white periderm color in progenies of 11 
selfed potato plants has been explained by assuming that the comple- 
mentary action of factors E, and F produced red color in the peri- 
derm and that certain parents carried duplicate factors. 

The inheritance of red cortex color has been explained by assuming 
that the complementary action of factors C, R, and D produced red 
color in the cortex. 

In one family a factor for red periderm color was segregating inde- 
pendently of two factors for red cortex color. 

Blue color in periderm and cortex has been referred to two factors, 
P and P', each capable of changing red periderm and red cortex to 
blue. 

The observations suggest that while certain factors affect color 
in only one tissue other factors influence color in both periderm and 
cortex. 
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THE EFFECT OF CALCIUM CARBONATE AND SODIUM 
BICARBONATE ON THE TOXICITY OF GOSSYPOL' 

B}’ WiLLiFi D. Gallup, assistant chemist^ and Ruth Reder, associate chemist^ 
^ Departme^it of Agricultural Chemistry Research, Oklahoma Agricultural Experi- 
ment Station 

INTRODUCTION 

In a previous study of the influence of certain dietary constituents 
on the response of rats to gossypol ingestion {2) ^ the authors showed 
that the toxicity of diets containing known amounts of gossypol was 
materially reduced when the diets were made basic by the addition 
of calcium carbonate and sodium bicarbonate. When the diets were 
made acidic by the addition of calcium chloride, only indirect evidence 
of a slight decrease in toxicity was obtained. Decreased toxicity was 
observed also when the protein content of the diet was increased from 
13 percent to 35 percent. The conclusion -was drawn that diets of 
high protein content and basic diets of high calcium content are 
favorable to the detoxication of gossypol. 

Considerable importance is attached to the results since calcium 
and protein are variable ingredients in diets used for the bio-assay of 
gossypol. The importance of these constituents in feeding cottonseed 
products to livestock has not been fuUy determined, although the 
value of supplementaiy protein in cottonseed-meal rations for pigs 
has recently been pointed out by Robison {5).^ 

In view of the favorable results obtained with sodium bicarbonate 
and calcium carbonate, it was deemed desirable to determine the pro- 
portion of these salts which would offer the greatest degree of pro- 
tection against gossypol injmy and to deternoine the value of each 
salt in the presence of moderate amounts of the other, as the principal 
elements of both are requisite for a normal nutritive condition. The 
present paper reports the results of this study. The results of other 
experiments, in which calcium altered the inhibiting effect of gossypol 
on the hydrolysis of fat by lipase, are also reported. The results of 
these studies are offered as further evidence of the important part 
played by calcium in the detoxication of gossypol. 

MATERIAL AND METHODS 

The manner of conducting the feeding experiments, in which albino 
rats were used as experimental animals, has been described in a 
previou5i4)aper {2), 

The percentage composition of the basal diet to which varying 
amounts of sodium bicarbonate and calcium carbonate were added was 
as follows: Cottonseed 10, starch 49, casein 24, yeast 5, cod-liver oil 
3.5, salt mixture {3) 3.5, and Crisco 5. The cottonseed contained 0.60 
percent of gossypol. Control diets were made up with gossypol-free 

1 Received for publication Aug, 19, 1935; issued February, 1936. A preliminary report of this work 
was presented before the Amencan Society of Biological Chenusts m Detroit, Mich., Apr. 10-13, 1935. 

» Reference is made by number (italic) to Literature Cited, p. 72. 
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cottonseed. Fresli diets were prepared weeldy, at which time the 
prescribed amounts of calcium carbonate and sodium bicarbonate 
were added. In one experiment sodium bicarbonate was added to 
the basal diet at the^ time of feeding, and any food residues from the 
previous day were discarded. This procedure was followed as a pre- 
caution against the possible destruction of the gossypol, by contact 
with the alkali, before ingestion. 

In the lipase studies the general procedure of WUlstatter, Wald- 
schmidt-Leitz, and Memmen (7) was followed. A glycerol extract of 
pig’s pancreas was used as a source of lipase. The fresh tissue was 
dried with acetone and ether and ground in a mortar with 16 times 
its weight of 80-percent glycerol. After standing at room temperature 
for 4 hours or longer, with occasional shaking, the solution was 
filtered through filter paper and stored in an electric refrigerator. 

Neutral olive oil was prepared by shaMng a high-grade commercial 
oil with an equal volume of 1-percent sodium hydroxide in a separatory 
funnel at 60° C. After the aqueous layer had bep removed, the oil 
was thoroughly washed with hot water and chied in the electric oven 
at 100° C. for 6 hours. 

A 2-percent solution of egg albumin was prepared by dissolving the 
chy powder in an excess of ammonium hydroxide and, after tliis had 
been shaken for several hoius, removing the excess ammonia with a 
current of warm air. 

Two buffer solutions w^ere prepared. One was composed of 66 parts 
of N/1 ammonium hydroxide and 134 parts of N/1 ammonium 
chloride and had a pH of 8.9 at 30° C. The other buffer solution was 
composed of equal parts of N/2 acetic acid and N/2 sodium acetate 
and had a pH of 4.7 at 30°. 

A 1 -percent solution of calcium chloride was made up with the 
chemically pure salt. Gossypol was prepared and purified according 
to methods described by Clark (1). 

Determinations of the rate of hydrolysis of olive oil by lipase in the 
presence of calcium and gossypol were made in the following manner 
(4). One-half cubic centimeter of lipase extract, 3 cubic centimeters of 
olive oil containing various amounts of gossypol, 2 cubic centimeters 
of the alkaline buffer solution, 1 cubic centimeter of calcium cldoride 
solution, and sufficient amounts of a dilute glycerol solution to keep 
the total volume of the water 11 cubic centimeters and the total 
volume of glycerol 2 cubic centimeters, were shaken together in a 
small Erlenmeyer flask. One cubic centimeter of egg-albumin solution 
was then added, and after being shaken for 3 minutes, the flask was 
placed in a constant-temperature water bath held at 30° C ± 0.2 for 2 
hours and 57 nunutes. At the end of this time the contents of the flask 
were washed into a 250-cubic centimeter Erlemneyer flask with 112 
cubic centimeters of 95-percent alcohol. Twenty cubic centimeters 
of ether was added and the fatty acids titrated with N/10 alcoholic 
sodium hydroxide, thymolphthalein being used as an indicator. Blank 
determinations were carried out without the addition of the enzyme. 

Determinations in which calcium and albumin were omitted were 
made in the manner described above. In another series of experiments 
the gossypol was dissolved in the buffer instead of in the oil. In a^ 
final series of experiments hydrolysis was carried out in an acid 
medium with 2 cubic centimeters of the acid buffer solution replacing 
the alkaline buffer solution. The gossypol was dissolved in the oil. 
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EXPERIMENTAL RESULTS 

feeding experiments with calcium carbonate and sodium bicarbonate 

Data obtained with rats w-hich received diets containing 0.06 per- 
cent of gossypol and varying^ amounts of calcium carbonate and 
sodium bicarbonate, together with their controls, are showm in table 1. 

Table 1 shows a conspicuous difference between the food intake of 
animals receiving gossypol and the intake of their controls. That 
of the rats on gossypol was noticeably increased by the addition of 
sodium bicarbonate to the diet. The same result was obtained with 
combinations of this salt with calcium carbonate, although the latter 
by itself tended to decrease the food intake of rats on gossypol diets. 
The average food intake of the gossypol rats on diets containing 3 
percent of sodium bicarbonate shghtly exceeded that of their controls, 
being 599 grams as compared with 585 grams. Similarly there was 
very little difference between the food intake of the controls and that 
of the gossypol rats on a diet to which a combination of 2 percent of 
sodium bicarbonate and 2 percent of calcium carbonate had been 
added. The increase in food consumption on the part of the rats on 
gossypol is taken as an indication of improvement in the nutritive 
condition of the animals. 

The average gains in weight of rats on the gossypol diets likewise 
increased with increasing percentages of sodium bicarbonate in the 
diet. At the 3-percent level, sodium bicarbonate was particularly 
effective in producing an increase in their gains. The greatest average 
gain for the rats on gossypol, 118 grams, was made on a diet containing 

2 percent of calcium carbonate and 2 percent of sodium bicarbonate, 
although the average gains made by gossypol rats on diets containing 

3 percent of sodium bicarbonate or a combination of 2 percent of 
calcium carbonate and 1 percent of sodium bicarbonate approached 
this value. 


Table 1, — Effect oj gossypol on growth of rats as mfluenced by the addition of various 
amounts of sodium bicarbonate and calcium carbonate to the diet 


Salt additions to basal diet 

Gossypol 
content of 
diet 

Rats 

Average 
food con- 
sumed m 
60 days 1 

Average 
gain in 
weight m 
60 days 1 

Difference 

1 in gains in 
weight 

None - - 

Percent 
f 0.06 

t .00 

/ .06 

1 .00 

/ .06 

1 00 

r 06 

\ .00 

f .06 

1 .00 

/ .06 

1 00 

/ .06 

1 .00 

/ 06 

1 .00 

Number 

12 

7 

14 

6 

12 

6 

6 

6 

7 

7 

6 

6 

7 

6 

9 1 

9 

Grams 

468 

629 
530 
703 
527 
659 
530 
659 
599 
5S5 1 
413 ! 
678 i 
624 

630 
500 
621 

Grams 

88 

170 

92 

163 

99 

149 

94 

149 
106 

150 ; 
87 ; 

163 
118 i 
146 
102 ; 
160 

Grams 
} 82 

} 

} 50 

} 55 

1 44 

} 76 

} 28 

1 68 

1 percent of NaHCOs --- 

2 percent of NaHCOa-- 

2 percent of NaHCOs 2 ... 

3 percent of NaHCOs 

2 percent of CaCOs--. 

2 percent of C a C 0 3 ; 2 percent of NaH C O 3 . . 

2 percent of CaC O 3 : 1 percent of NaH C Oa. . 


1 The sum of the averages obtained with males and females divided by 2. 

3 2 percent of sodium bicarbonate added daily to gossypol diet. The figures presented for the controls in 
* this group are those given for the controls in the precedii^ group. 


An important point brought out in table 1 is that the addition of 
2 percent of calcium carbonate by itself effected no improvement in 
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the growth of the gossypol or control rats; its addition in combination 
with 1 percent or 2 percent of sodium bicarbonate produced a notice- 
able improvement in the gains made by the gossypol rats, increasing 
their average gain from 88 grams to 102 and 118 grams. This com- 
bination of salts was likewise more eifective than single additions of 

1 percent or 2 percent of sodium bicarbonate. 

It should be noted that in the case of the control rats the addition 
of sodium bicarbonate, especially in amounts exceeding 1 percent, 
either alone or in combination with calcium, was unfavorable to gains 
in weight and in one instance (3 percent of sodium bicarbonate) caused 
decreased food consumption. Since the opposite effect was produced 
in the case of the rats on gossypol, the difference between gains made 
by control and gossypol rats on diets containing over 1 percent of 
sodium bicarbonate becomes small, being 55 grams or less, as com- 
pared with 82 grams. One criterion used to judge the effectiveness of 
each dietary alteration is that the effect so produced be_more apparent 
in the performance of the rats on gossypol than in their controls. It 
seems reasonable therefore to beheve that by the addition of such a 
readily soluble base as sodium bicarbonate conditions are produced 
that are favorable to the detoxication of gossypol although unfavorable 
to the growth of animals on a normal diet. 

In order to facilitate a comparison of the gains made by gossypol 
rats on what appeared to be the least effective combinations of salts 
with those that received the most effective combinations, the animals 
have been divided into three groups. Group 1 includes the rats which, 
with respect to salt additions, received the following three diets: 
No addition, 1 percent of sodium bicarbonate and 2 percent of calcium 
carbonate. These made average gains between 87 and 92 grams. 
Group 2 consists of those which received 2 percent of sodium bicar- 
bonate. In group 3 are those which received 3 percent of sodium 
bicarbonate and the two combinations of sodium bicarbonate and 
calcium carbonate. These made average gains between 102 and 118 
grams. The average gain in weight made by the rats that received 

2 percent of sodium bicarbonate falls between the average gains in 
weight of the rats in the first and third groups. The average gains 
and standard deviations of the means for males and females in these 
three groups are given in table 2. The formula used for the standard 
deviation was 



in which 

<r— standard deviation of the average, 

2cP=sum of the deviations from the average, squared, and 
A’=number of observations. 

Table 2 shows the beneficial effect of increased amounts of calcium 
carbonate ^ and sodium bicarbonate in diets containing gossypol. 
Although it is not possible to make a sharp distinction between the 
^P^^^'ujnts and combinations of these salts with respect to 
their detoxicating properties, the amounts added to the diets of group 
3 were undoubtedly naore effective than the single additions to the 
diets of group 1. This is more apparent in the average growth of 
females than of males. That this result was not due to the increased 
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nutritive value of the diets is shown by the performance of the 
control rats. 

Table 2 — Gams %n weight made by 3 groups of rais on gossypol and gossypol- 

free diets 


60-day gams made by rats on— 


Sex of rats and 
groups ' compared 

Goss3rpol diets 

Goss3rpol-free diets 

Rats 

Mini- 

mum 

gam 

Maxi- 

mum 

gam 

Aver- 
age gam 

stand- 
ard de- 
viation 

Rats 

Mmi- 

mum 

gam 

Maxi- 

mum 

gam 

Aver- 
age gam 

Stand- 
ard de- 
viation 

Males: 

N'umber 

Grams 

Grams 

Gra ms 

Grams 

Number 

Gra ms 

Grams 

Grams 

Grams 

Group 1 

18 

75 

141 

109 

19 92 

7 

180 

217 

202 

11.09 

Group 2 

10 

77 

166 

108 

27 00 

3 

169 

182 

175 


Group 3 

15 

77 

167 

125 

28. 78 

13 

155 

217 

1S6 

17. 61 

Females 











Group 1 

12 

41 

115 

72 

17 55 ’ 

12 

102 

153 

129 

13 71 

Group 2 

8 

63 

114 

87 

15 26 

3 

100 

137 

123 


Group 3 

8 

69 

108 

91 

13 27 

9 

112 

125 

120 

4,58 


1 Group 1 includes rats which, with respect to salt additions, received the following 3 diets* No addition, 
1 percent of NaHCOs, and 2 percent of CaGOa; group 2 includes rats which received 2 percent of NaHCOg, 
group 3 mcludes rats which, with respect to salt additions, received the following 3 diets* 3 percent of 
NaHCOa, 2 percent of CaC03-{-2 percent of NaHCOs, and 2 percent of CaCOs-fl percent of NaHCOs 

LIPASE STUDIES 

The effect of increasing amounts of gossypol on the hydrolysis of fat 
by lipase, both alone and in combination with calcium and albumin is 
shown in table 3 . In experiment 25, which was carried out in a system 
with an initial pH of 8.9, the inhibition of hydrolysis produced by 
8 milligrams of gossypol dissolved in the oil amounted to 63 percent. 
In the presence of calcium, a substance which normally activates the 
reaction, hydrolysis was practically stopped by 8 milligrams of gossypol. 
The same result was obtained when both activators, calcium and 
albumin, were present. 

In experiment 26, in wdiich another enzyme preparation was used 
gossypol was dissolved in the buffer solution. In the absence of 
activ^ators, a maximum inhibition of 58.6 percent was produced by 
8 milligrams of gossypol. With albumin as an activator, the amount 
of inhibition was slightly increased by 12 milligrams of gossypol. In 
the presence of calcium, however, this amount of gossypol practically 
stopped hydrolysis. 

Experiment 28 was conducted in a system with an initial pH of 4.7. 
This was secured by replacing the alkaline buffer solution with an 
acetate buffer solution. In this system, albumin inhibited the hydrol- 
ysis, and calcium was without appreciable effect. The amount of 
inhibition produced by 12 milligrams of gossypol dissolved in the oil 
was approximately the same as that in experiment 25, being 71.8 
percent. Gossypol in the presence of calcium did not completely 
prevent hydrolysis, as it did in the presence of the alkaline medium. 

The correct interpretation of these results based upon proven facts 
must necessarily await more complete knowledge of the action of both 
hpase and gossypol Three important facts have been established: 

(1) Gossypol inhibits lipase activity in basic and acidic media; 

(2) complete inhibition b}^ gossypol in an alkaline medium is depend- 
ent upon the presence of calcium, and in an acid medium the degree of 
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inhibitiorL is independent of the calcium; (3) calcium precipitates 
gossypol from an alkaline solution (^). 

Table 3 — Effect of gossypol on lipase action both alone and in comhination with 
calciunb and alhinmn i.u haste and acidic media as shown tn 3 experiments 


[Period of hydrolysis, 3 hours; temperature, 30° C ] 

EXPEEIMEXT 25, ENZYME 4; GOSSYPOL DISSOLVED IN OIL, INITIAL pH, 8 9 





Hydrol- 

Inhibi- 





Hydrol- 

Tnhibi- 





ywSis in 

tion m 





ysis in 

tion in 


Albu- 

Cal- 


terms of 

terms of 


Albu- 

Cal- 


terms of 

terms of 

Inhibi- 

mm 

ciiun 

Gossy- 

N/10 

N/10 

Inhibi- 

min 

emm 

Gossy- 

N/10 

N/10 

(milli- 

chlo- 

pol 

NaOH 

NaOH 

tion 

(milh- 

chlo- 

pol 

NaOH 

NaOH 

tion 

grams) 

nde 

used in 

used in 


grams) 

nde 


used in 

used in 




titra- 

titra- 





titra- 

titra- 





tion 

tion 





tion 

tion 





Cubic 

Cubic 





Cubic 

Cubic 



A/iV/z- 

Milli- 

cenfi- ! 

centi- 



Milli- 

Milti- \ 

centi- 

centi- 



grams ; 

grams 

meters 

meters 

Percent 


grams 

grams 

meters 

meters 

Percent 

1 


7 3 





0 

21 4 




i 

0 1 

1 4 

3 9 

3 4 

1 46 6 



4 

15 5 

5 9 

27 6 

0 

1 s 

2. 7 

4 6 

63 0 

20 

10 

6 

1 2 

20 2 

94 4 


1 

12 

1 2 1 

5 2 

! 71 0 

8 

.8 

20.6 

96 3 

i 

1 

f 0 

20 0 





10 

8 

20 6 ! 

96 3 

« 

10 1 

J ^ 

10 3 

9 7 

i 48.5 



12 

.8 

20 6 

96 3 

1 S 

1 0 

19 0 

95 0 









1 12 

6 

19 4 

97 0 




1 




EXPERIMENT 26; ENZYME 5, GOSSYPOL DISSOLVED IN BUEFER; INITIAL pH, S 9 




0 

7 0 





f ^ 

25 0 





2 

7 0 

0 

0 1 




19 4 

5 6 

22 4 

0 

0 

4 

5 0 

2 0 

28 6 . 

0.. 

10 


12 2 

12.8 

51 2 



S 

2 9 

4 1 

68 6 i 




4 4 

20 6 

82 4 



12 

2 9 

4 1 

58.6 ' 



[ 12 

.8 

24 2 

90 8 


1 

0 

15.0 











2 

13 1 

1 9 

12 7 1 







20 

0 

4 

11 3 

3 7 

24 7 . 









8 

5.8 

9 2 

61.3 1 









12 

6 0 

10.0 

66 6 







EXPERIMENT 28 

ENZYME 5, 

jOSSYPOL DISSOLVED 

IN OIL; INITIAL pH 

4.7 


i 

f 0 

8 5 





f 0 

8 6 




1 


3 7 

4 8 

56 5 



2 

3 9 

4 7 

54, 7 

0 

0 1 


3.2 

5 3 

62 4 

0 

10 

\ 

3.2 

5.4 

62 8 




3.0 

6 5 

64 7 



1 8 

2.4 

6 2 

72 1 



1 12 

2.4 

6 1 

71 8 



1 12 

2.2 

6 4 

74. 4 



f 0 

2 5 


, 










1 7 

.8 

32.0 ' 







20 

0 

\ ^ 

1.5 

1 0 

40 0 1 










1.4 

1 1 

44 0 









1 12 

1,2 

1 3 

52.0 ! 

1 








Waldschmidt-Leitz {6) has explained the activating effect of calcium 
on lipolysis as being due to 'The production of colloid particles which 
exert an absorbent action with respect to the enzjnne as well as to the 
substrate and thereby facUitate the reaction.'' Gossypol, by its 
affinity for calcium in alkaline solution, apparently prevents the for- 
mation of this "coupled absorbent" ^ or, as seems more likely, com- 
pletely removes it from its sphere of activity. 

The relationstdp of these observations to the results of the feeding 
experiments is discussed later. 

“Mupled absorbent” mvolving calcmm and albumin has been represented by Willstfitter et al. 
(7, p, 100} as calcium oleate— albumin 
fat lipase 
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DISCUSSION 

The foregoing feeding experiments have demonstrated the beneficial 
eflPect of sodium bicarbonate and calcium carbonate on the groAvth of 
rats receiving toxic diets which contained 0.06 percent of gossypol. 
The increased growth of the rats which received 3 percent of so^um 
bicarbonate or combinations of 1 and 2 percent of sodium bicarbonate 
with 2 percent of calciimi carbonate Avas showm to be due to the action 
of these salts on gossypol since no corresponding increase in growth 
rate was produced by the addition of these salts to a gcssypol-free diet 
of the same composition. In fact sodium bicarbonate in amounts ex- 
ceeding 1 percent proved detrimental to the growth of rats on gossypol- 
free diets. That the beneficial effect of these salt additions W’as not 
due merely to an increase in potential alkalinity of the diets is shown 
in the poor performance of the animals that received 2 percent of 
calcium carbonate. In other experiments (unpublished) 3 percent of 
calcium carbonate has likewise been found to be ineffective. 

The value of 3 percent of sodium bicarbonate in gossypol diets is 
attributed to the solubility of this salt mth the production of an 
alkaline medium in which gossypol is very reactive and unstable. 
Conditions are thereby made favorable for the reaction of gossypol 
with calcium and possibly other constituents normally present in the 
diet (^). Iron salts are particularly efficacious detoxicants. 

The inability of calcium salts to detoxicate gossypol in the absence 
of sodium bicarbonate was in all probability due to an unfavorable 
reaction medium. When dissolved in dilute alkali^ gossypol is slowly 
precipitated by calcium salts. 

The activity of gossypol in an alkaline medium and its probable 
reaction with calcium was again indicated in a study of the effect of 
gossypol on the hydrolysis of fat by lipase. Gossypol inhibited the 
hydrolysis in both acidic and basic media. In an acid medium the 
degree of inhibition produced by gossypol was unaffected by the pres- 
ence of calciiun. In an alkaline medium, inhibition by gossypol -was 
altered by calcium; and, despite the activating action of calcium, 
hydrolysis practically stopped under these conditions. ^ Apparently 
a reaction took place between calcium and gossypol vrhich involved 
the enzyme. A reaction between gossypol and the activator-enzyme 
complex of which calcium is a part seems probable. 

SUMMARY 

The effect of calcium carbonate and sodium bicarbonate on the 
toxicity of gossypol diets was determined by feeding experiments with 
young rats. The experimental diets were made up with 10 percent 
of cottonseed which contained 0.6 peicent of gossypol. Calcium 
carbonate and sodium bicarbonate were added to the diets in varying 
proportions and amounts. Similar additions were made^ to control 
diets made up with gossypol-free cottonseed. ^ The criterion used to 
judge the effectiveness of these salt additions in modifying the dele- 
terious action of gossypol was that the effect so produced be more 
apparent in the growth of the rats on gossypol diets than in that of 
-their controls. 
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The best growth of the rats receiving gossypol was obtained with 
a diet to which 2 percent of calcium carbonate and 2 percent of sodium 
bicarbonate had been added. Next in^ value were diets to which 3 
percent of sodium bicarbonate or a combination of 2 percent of calcium 
carbonate and 1 percent of sodium bicarbonate had been added. It 
was evident from the performance of the control rats that the bene- 
ficial effect of these salts was due to their action on gossypol and 
not merely to their influence on the nutritiv'e properties of the basal 
diet. 

The value of sodium bicarbonate in conjunction with calcium car- 
bonate or in the presence of normal amounts of dietary calcium, was 
attributed to its solubihty with the production of an alkaline niedium 
in which gossypol is unstable and susceptible of precipitation by 
calcium. Support for this belief was found in a study of the effect 
of gossypol on the hydrolysis of fat by hpase, a process which when 
initiated in an alkaline medium, is activated by calcium. 

In a system with an initial pH of 4.7 (acid region) 12 milligrams of 
gossypol inhibited but failed to prevent hydrolysis. This result was 
obtained both in the presence of calcium and in its absence. In a 
similar system with an initial pH of 8.9 (alkalme region) gossypol, in 
the absence of calcium, only inhibited hydrolysis; whereas in the 
presence of calcium, 8 milligrams of gossypol almost entirely pre- 
vented hydrolysis. 

The conclusion is drawn that the action of calcium carbonate and 
sodium bicarbonate in gossypol diets is one of detoxication, involving 
a reaction between gossypol and calcium in an alkaline medium. 
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APPARATUS AND PROCEDURE FOR SEPARATING COT- 
TON ROOT ROT SCLEROTIA FROM SOIL SAMPLES ' 

By C. H. Rogers 

Plant pathologist^ Texas Agricultural Experiment Station 

INTRODUCTION 

In field studies of rotation, cultural, and soil- amendment practices 
in relation to the control of the cotton root rot disease, caused by 
Phymatotrichum omnivorum (Shear) Duggar, the number or percent- 
age of dead and dying plants and crop yields has been used as a meas- 
ure of the effectiveness of the treatment. How the causal organism 
is affected by such practices has received little or no attention. 

The disease is perpetuated by sclerotia or resting bodies and in- 
fected roots with superficial or closely associated mycelial strands. 
In clean fallows and fields planted to nonsusceptible crops, if no 
infected roots of susceptible plants are present, sclerotia are the only 
means of carry-over. In the black Houston clay soils and other soil 
types of central Texas the sclerotia are brown in color when mature 
and vary from less than a millimeter to a centimeter or more in size. 
The bulk of sclerotia are found at soil depths of between 8 and 36 
inches. Inasmuch as sclerotia may be present in large quantities and 
may remain viable for a number of years, it is important to know how 
any control treatment affects their viability and dissipation. 

To study sclerotia in the laboratory it is necessary to separate 
them from the soil. Because of their small size it is impractical to 
separate by hand during a season or part of a season sufficient samples 
to be of much value. Washing in screen fiats with a garden hose, as 
reported by various workers ^ ^ ^ is a method applicable only to pot 
or other small samples. By means of the apparatus and methods 
here described, from 10 to 15 barrel samples of soil, weighing from 2 
to 4 tons may be handled, and the sclerotial separation completed in a 
single day. 

DESCRIPTION OF APPARATUS AND WASHING PROCEDURE 

The machine used in the initial separation of sclerotia and soil is 
shown in figure 1. The essential parts of the machine are the frame, 
the cradlelike hoisting or tilting and feeding device, a vertically 
mounted, coarse-mesh cylinder screen with agitator, a fine-mesh 
horizontal screen below the cylindrical screen, and a splash-drain vat 
below and surrounding the lower screen. 


1 Received for publication Aug. 9, 1935; issued February, 1936 Contribution no. 336, Technical Series, 
Texas Agr. Expt. Sta. 

3 Kjng, C, J,, and Hope, C pistribution of the cotton root-rot fungus in soil and in plant 
TISSUES IN RELATION TO CONTROL Bv DISINFECTANTS JouT AgT Research 45. 725-740, illus. 1932 

3 , Hope, O , and Eaton, E. B. the cotton root-rot fungus indigenous in Arizona deserts. 

Science (n. s.) 75: 48-49, 1932 

* Taubenhaus, J. J., and Ezektel, W N. methods of sampling foe sclerotia. Tex. Agr. Expt. 
Sta. Ann. Rept. 45- 60-61 1932 
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The frame proper is made of /s by 2 by 2 inch angle iron, braced 
fs-incb steel plate. All the joints are welded. At the base, the 
macMne is 32 by 32 inches, tapering to a smaller dimension at the top. 




Figure 1.— Machine used in separating root rot scierotia from sod: A, Side view, showmg barrel-hoisting 
and tiltmg-frame motor, e(pntric shaft (a), and adjustable overflow (6); B, front view of machine in oper- 
ation. The soil from the barrel is washed directly mto the cylinder screen 


It is approximately 40 Laches high. A bowllike chute, made of K- 
mch plate, is welded around the top of the machine and tapers down- 
ward to the upper edge of the vertical screen cylinder. It is made 
wide enough for samples to be poured in or washed from a barrel 
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without any waste. The machine is driven by a small electric motor 
(one-third horsepower), seated on a swinging base. The large pulley 
used on the main drive shaft reduces its speed to approximately 250 
revolutions per minute. The motor and belt are protected from 
splashing water by a panel of 18-gage iron bolted to the side of the 
frame adjacent to the motor. The main shaft and the eccentric and 
agitator shafts, mentioned later, are equipped with ball bearings, 
lubricated tlrrough grease cups. 

Inasmuch as barrel-size samples are usually used in this work, a 
hoisting and tilting frame is attached to facilitate handling. It is 
made of the same material as the frame of the machine, and is con- 
structed of such a height that the upper edge of the barrel extends 
about 6 inches over the chute around the top of the vertical screen. 
The top of the frame is hinged from the edge of the chute. A half- 
ton chain hoist attached to a rafter provides for the necessary lifting 
power. Oil drums of uniform height are used for sample containers. 

Because of the puddling and the liighly colloidial nature of the 
Houston soils, it is necessary to use a rather large quantity of water 
and thorough agitation to screen the material rapidly. The sample is 
first washed through the coarse cylinder screen and drops onto a finer 
screen below. 

This cylinder screen is 12 inches in diameter, and 15 inches high, 
and is made of 8 by 8 mesh (8 meshes per linear inch) no. 16 (Washburn 
& Moen gage) iron wdre. The openings and wire are each one-six- 
teenth of an inch in diameter. It is necessary to use a heavy wire, 
because of the harsh action of shell and pieces of plant stems or occa- 
sional small rocks that are present in samples of soil. The agitator 
in this screen cylinder is made of l)^-inch shafting wuth small rods 
inserted through the lower 15 inches of the shaft in a staggered manner. 
It is rigidly supported at the top with baU bearings and is operated 
from the pulley or main shaft by beveled gears. The size ratio of 
the two gears is such that the speed of the agitator is reduced to 150 
r. p. m. Bearings and gears are enclosed to retain oil and protect 
them from silt and water. 

To keep the sample in suspension as much as possible while agitation 
and screening are taking place, the water is supplied through numerous 
vents in a removable compartment at the bottom of this screen. 
This water-inlet compartment is shown partially removed in figm-e 
2, A. It is also made of %-inch steel plate, with vents one thirty- 
second of an inch in diameter spaced about 1 inch apart over the top 
surface, A connecting hose supplies w^ater under enough pressure to 
eject streams upw^ard 2 or 3 feet through the small vents. ^ The inlet 
compartment is held snugly against the bottom of the cylinder by a 
grooved flange support. Since the greater number of the sclerotia 
pass through this screen, it is necessary to pass the material on to a 
finer screen. 

The horizontal screen, upon which the w^ashings fall, is 36 inches 
long, 24 inches wide, and 4 inches deep. It is made of 35-mesh no. 
29 (Washburn <& Moen gage) brass-wire cloth with openings of 
0.0136 inch. No. 12 sheet steel is used for the framework for this 
svire. Screen surfaces are provided at each end of the screen as well 
as the bottom, but the sides are solid (fig. 2, B). A reciprocating 
motion is provided for the screen by an eccentric shaft (fig. 1, A, a). 
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The length of screen stroke is varied by changing the position of the 
attachment on the lower end of the eccentric shaft on the arm of the 
screen-propelling shaft. A stroke of 2 inches is most satisfactory. 




FiGtTRE 2.—Ar Close view of part of the machine showing cylinder screen, water inlet and hose, horizontal 
screen supporting shafts (a, a), and splash-dram vat (6); B, horizontal fine-mesh screen. 


The screen is supported by the two shafts shown in figure 2, A, a j a, 
and is held in place by four pieces of U iron, welded on the bottom of 
the screen frame. To withstand the grinding action of silt and 
water, these pieces of U iron are lined with a hard steel alloy. The 
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areas on the shafts where these bearings rest are coated with the same 
material. To remove the screen, it is necessary only to lift it from 
these shafts. These two shafts are suspended by arms at each end 
from 4-inch plain bearings, each supplied with a grease cup. The rear 
shaft and arms hang loose, but the forward, or propelling, arms and 
shaft, are rigidly connected to the eccentric. A rubber hood is tied 
over each of the bearings to preserve them against silt and water. 

To aid screening on the fine-mesh screen and facilitate proper dram- 
age, a pyranud-shaped vat is supported around and below the screen. 
Water and silt from the vat are drained through a 2-mch drainpipe. 
^Vhile in operation, the water level in this vat is kept only about half 
an inch above the bottom of the screen by an adjustable overflow in 
the wall of the vat (fig. 1, A, b). By keeping the water at this low 
level, screening is not only accelerated, but splashing, caused by the 
movement of the screen, is reduced to a minimum. A valve in the 
drainpipe is controlled from above the floor by an extension handle, 
shown projecting just below the motor in figures 1, A, and 2, A, 
This valve is left partially open during screening to allow silt to move 
out freely. The vat is quickly filled or emptied by closing or opening 
the valve. 

In screening a sample of soil, the sample is either emptied by hand 
or washed from a barrel into the cylinder screen. The finer particles, 
and most of the sclerotia, are washed through the cyhnder onto the 
horizontal screen below. When screening is complete, the water 
inlet, at the base of the cylinder screen, is partly or entirely shd from 
its flange support and the residue dumped or washed onto the lower 
screen. The lower screen is then removed and the total residue of 
both screens washed into a suitable container. There is usually 
about half a gallon to a gallon of this residue left from a barrel of 
Houston soil. It is composed primarily of shell and bits of organic 
matter and any sclerotia that might be present. 

RELATION OP RETENTION OF SCLEROTIA TO SIZE OF SCREEN 

To determine just how fine a screen should be used in order to 
retain aU sclerotia in screening procedures, a nmnber of screens of 
different-size meshes have been used. The finest wire previously 
used was a 20-mesh per inch, similar to ordinary vdndow screen. In 
a series of tests, an 18-mesh iron wire was used on the cyhnder, a 
40-mesh brass wire on the lower screen, and 60-mesh brass wire was 
placed under the outlets of the drain and overflow pipes. These 
tests showed that an average of 70 percent of the sclerotia passed the 
18-mesh wire but that none passed the 40-mesh wire, as is shown by 
the fact that none was caught on the 60-mesh wire. The 18-mesh 
wire on the cyhnder screen has since been changed to the heavier 
8 by 8 mesh, and the wire on the horizontal screen has been changed 
from the 40-mesh to the 35-mesh, This 35-mesh screen is made of 
heavier wire than the 40-mesh and has approximately the same- 
size openings. Rea ^ found, in a number of tests, that 80 percent 
of the sclerotia passed a 16-mesh brass wire and 7 percent passed a 
30-mesh wire. The openings in this 30-mesh wire were 0.021 inch 
and were considerably finer than any previously reported as being 
used for this work. 

^Rea, H. E. reclaiming cotton root rot sclerotia tbom soil samples, Tex. Agr. Expt. Sta, 
Substa. 5, Ann. Kept. 1933. [Not published.] 
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SEPARATION OF SCLEROTIA FROM SCREEN RESIDUE 

To further reduce the amount of material from which sclerotia 
must be picked, the residue is stirred with a sugar solution of specific 
gravity of 1.15 to 1.25, or about 110 to 150 parts of sugar to 100 
parts of water. This allows the sclerotia, which are slightly heavier 
than water, to float, while the heavier shell and gravel sink. The 
sclerotia, along with other light organic matter, are then decanted off. 
To assure the removal of all the sclerotia, this procedure is repeated 
twice. A few other materials were tried for tliis purpose. Sugar 
was found to be the best, however, because it is not expensive, is 
not toxic to sclerotia, and is readily obtainable. The sugar solution 
is kept at the desired specific gravity by testing with a hydrometer 
and adding sugar when necessary. When sclerotia are to be sepa- 



Figurb 3.— Screen residue left after washing a barrel of soil M), sclerotia (2>) and rubbish (C) have been 
separated from shell and gravel (B) with sugar solution. 

rated with the sugar solution, the material in the container is allowed 
to stand a few seconds after being stirred before the decanting is 
begun. The sclerotia and residue are then decanted onto a fine- 
mesh strainer and washed thoroughly under the tap to remove all 
sugar. In figure 3 are shown the fractions in the separation procedure. 
The three dishes at the right {B, (7, D) contain the total amount of 
screen residue from the barrel of soil at the left. The two Petri 
dishes {C, D) contain the organic matter and sclerotia separated 
from the screen residue by using the sugar solution. The Petri dish 
{D) at the right contains the sclerotia (approximately 200) picked 
by hand with forceps from the organic matter in the other Petri dish. 

^ A number of tests were made to determine whether the sugar used 
m this procedure had any effect on the germination of sclerotia. In 
these tests, quantities of sclerotia were picked from sLx different 
samples, after they had been screened and just before they were 
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treated with sugar, and compared wuth sclerotia separated from the 
same samples with the sugar solution. There w^as very little differ- 
ence in the germination of the sclerotia separated by the two methods. 
The average germination of those removed by hand was 52 percent 
and that of those separated with the sugar solution, 54 percent. 

SUMMARY 

The sclerotial stage of the cotton root rot fungus Phymatotrichurn 
oynnivorum (Shear) Duggar is one of the most important means of 
perpetuating the root rot disease in Texas. 

Sclerotia in the Houston clay soils of central Texas vary in size 
from less than a millimeter to a centimeter or more. 

Apparatus and procedures for the rapid mechanical separation of 
sclerotia from soil samples are described. 

In the initial maclhne separation, the soil is reduced to a finely 
divided state by the aid of w^ater and a rotary agitator in a coarse- 
mesh cylinder screen. The material passes onto a finer screen par- 
tially submerged in water and moving in a reciprocating manner. 
As much as one-half gallon to a gallon of residue consisting of shell, 
gravel, and sclerotia remain in both screens w’hen a barrel-size sample 
of soil is mechanically separated. The sclerotia are floated from the 
heavier shell and gravel residue by stirring in a sugar solution with a 
specific gravity of 1.15 to 1.25. The sugar solution does not affect 
the viabihty of the sclerotia. 
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MODIFICATION OF A MENDELIAN RATIO IN MAIZE BY 
POLLEN TREATMENTS ^ 

By J. H. Kempton 

Botanist j Division of Genetics and Biophysics^ Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

Of the millions of pollen grains produced by a single maize plant 
{Zea mays L.) not many more than 1 in 25,000 effect fertilization; 
the others perish. To a large extent chance determines which grains 
function and which are wasted, but survival or demise is not wholly 
a matter of chance. An element of selection intervenes, resulting in 
a differential survival value of certain sorts of pollen grains. 

Some pollen grains bear within them a hereditary pattern that 
precludes functioning irrespective of external agencies. Others have 
a genetic complex that enables them to survive certain unfavorable 
environments. An example of the latter class is found in the so-called 
waxy gene — the hereditary element that produces a form of starch 
giving a red instead of a violet reaction with iodine. Pollen grains 
possessing the waxy gene, and in consequence having red-staining 
starch, sometimes survive conditions that are lethal to grains con- 
taining the form of starch normal to commercial varieties. 

Some years ago, in the course of an investigation of the factors 
affecting variabihty of cross-over ratios in maize, it was unexpectedly 
discovered that the proportion of fimctioning pollen grains bearing 
the waxy gene to those bearing its dominant allelomorph co^d be 
profoundly altered by storing the pollen for several hours in the 
sunlight. Storage for the same length of time in the dark was in- 
effective. 

This phenomenon was verified for 3 successive years, while at- 
tempts were made to standardize treatments and develop a technique 
that would result in a uniform reaction. Satisfied by these early 
experiments that the observed results were real, a project was launched 
in an attempt to determine the causal factors that operated during 
the storage period. The results were disconcerting in that the effects 
of many of the treatments contradicted the work of previous years. 

Consequently a return was made to the original teclinique, \nth the 
surprising result that treatments formerly effective in increasing the 
proportion of functioning waxy ^ pollen grains were found now to be 

1 Received for publication Sept. 19, 1935, issued March 1936 

a The two sorts of pollen grams dealt with in this study are designated “horny” or “waxy” depending 
upon which member of the allelomorphic pair Wx, wx they bear. No ambiguity should result from this 
practice, and by this means the awkward expressions'" waxy bearing” and "nonwaxy bearing” are avoided 
while the advantage of contrasting names is obtained. 
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lethal. Pollen exposed to direct sunlight for periods even as short as 
10 minutes was completely devitalized. 

The accumxilating inconsistencies, probably rather more than the 
merits of the problem itself, stimulated further investigation and 
prolonged the study. Much remains to be done before a complete 
knowledge is attained of the factors that bring about the (hfferential 
functioning of these two sorts of pollen grains. Defimte evidence has 
been obtained that even with genetically uniform stocks the pollen 
of some plants behaves differently under adverse^ treatments from 
that of others. Clearly the conditions under which pollen is pro- 
duced are important factors in deterinining its subsequent reaction. 
Since the conditions operating throughout the maturing of pollen are 
largely beyond artificial control it is evident that physiologically 
identical pollen samples are not to be had from place to place or from 
season to season. 

It is still not possible to outline a treatment that will produce a 
pre^ctable alteration in the proportion of wa^ to horny functioning 
pollen gi'ains. However, some of the difficulties encountered in these 
investigations and the means employed to surmount them may be of 
interest to those undertaking similar studies in the physiology of 
pollen. 

In the coiuse of this study extensive data have been assembled, and 
it is the purpose of the present paper to summarize this accumulated 
information, 

REVIEW OF LITERATURE 

The literature on the effect of pollen storage on Meudelian ratios 
is brief, but several papers on gametic selection have a direct bearing 
on this subject. 

Emowlton in a study of pollen longevity, found that the 

maximum duration of fertilizing power of pollen of Golden Bantam 
sweet corn was from 70 to 80 hours. He concluded that the death of 
corn pollen is caused by desiccation but pointed out that moistiue is 
not the only important factor since life is not greatly prolonged by 
storage under conditions which retard evaporation. He failed to 
obtain seeds with poUen stored over calcium cliloride at a temperature 
of 34° C., but his shortest period of storage in this experiment was 
6 hours. 

In several of Knowlton’s experiments the percentage of functioning 
grains was higher after a long period of storage, as, for example, when 
I pollen was stored at a humidity of 80 to 90 percent at 20° C. With 
j pollen treated in this manner he obtained the following percentages 
of fertilization: 24 percent at 6 hours, 67 percent at 24 hours, 82 
percent at 30 hours, 5 percent at 36 hours, 23 percent at 48 hours, and 
6 percent at 54 hours. These percentages w'ere obtained by counting 
the fertihzed and unfertilized ovules in each ear, but only the number 
of ears is given. In the experiment just mentioned, two ears were 
used for each period with the exception of the 48-hour period, when 
three ears were pollinated, and of the 54-hour period, in which only 
one ear was pollinated. From the published data no estimate of 
errors is possible, and probably none is justifiable because; of the 
great variabihty, but^ it is of interest to observe that apparently 
certain stor age conditions are favorable to longevity of corn pollen. 

S Reference is made by number (italic) to Literature Cited, p. 120. 



Jan 15, 1936 


Modification oj a Mendelian Ratio in Maize 


83 


Knowlton (IS, p. 787) states: 

The results from the storage experiments with pollen were exceedingly variable. 
Many factors that are difficult to control may influence the results. Pollen 
produced m different seasons and under diverse conditions is, in some way, 
physiologically different, as is shown by differences in water content, the different 
optimum sugar concentrations required for germination, and the variation m 
duration of life. 

Holman and Brubaker {11 a) tested the longevity of pollen of about 
fifty species when stored in the dark under various degrees of humid- 
ity. Their measure of vitality was the abihty of the grains to germi- 
nate in sugar solutions. Certain diflSculties were encountered in 
obtaining uniform samples of pollen, which they beheve could be 
obviated by mechanical mixing. However, they noted with several 
species that the lots of pollen contained some grains much longer 
hved than others. They state: 

In brief, it may be said, then, that in the case of many pollens each lot consists 
of a relatively large number of grains which retain their viability for a relatively 
short period, and a smaller number, constituting generally less than 10 percent 
of the whole, which survive storage several times as long as the others. 

They note also that the poUens of the grasses differ from those of 
most other plants tested in that the death of grass pollen is caused 
by the loss of water, whereas lowering the water content extends the 
life of many other plants. 

Brink (5) reports xmpublished experiments of Thelma McWilliams 
on pollen storage that not oidy faded to increase the proportion of 
functioning waxy pollen but in fact showed the opposite effect. In 
these experiments aging poUen tended to lower the proportion of 
effective waxy pollen grains. 

Sprague (^1) investigated the time required for germination by 
different sorts of maize pollen on excised silks. He found that on the 
average waxy poUen grains required 3.8 minutes longer for germination 
than did the horny pollen grains. This time differential was very 
much greater when the pollen grains were carrying the sugary gene 
in addition to the waxy one. It is quite possible that the effects 
observed from pollen storage are brought about by changing the time 
required for germination by different sorts of pollen grains. 

Ciesielski (6*), working with hemp (Cannabis sativa L.), conducted 
experiments on the alteration of the sex ratio resulting from the use 
of stored pollen. After finding a minor difference in the ratio between 
seeds resulting from early morning pollinations and those from pollina- 
tions made in the afternoon, he tried storing pollen in paper. He 
states (d, pp. 10-11): 

In view of the success of these experiments in fertilisation I took up, in 1877, six 
female plants with their roots, before they had fully produced their flowers, and 
transplanted them into pots: as soon as the plants were well-rooted I transferred 
the pots to the windows of two rooms looking south, three pots in each room. 
Thereafter, with a brush, I fertilized the three plants in one room with pollen 
which I collected from anthers just dehiscing and not yet fully open (this pollen I 
shall refer to as “fresh”), and the three pots in the other room I also fertilized by 
means of a brush, but with pollen taken in the morning and kept in paper till 
evening. The three plants fertilized with “fresh” pollen produced 120 seeds; 
the three fertilized with “stale” pollen produced 96 seeds. 

In 1878 I sowed in my garden with great care the seeds of the two lots sepa- 
rately, at distances of 20 centimetres. The 120 seeds derived from fertilization 
■with fresh pollen produced 112 plants, of which only six were female, all the rest 
being male. But the other 96 seeds, sprung from fertilization by stale poUen, 
produced 89 plants, every one of which was female. I have several times since 
repeated the experiment, always with a similar result. 
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The actual experiment reported leaves no room for doubt as to the 
different sex ratio in the two lots of seed, but since no mention is made 
as to the common source of the pollen it does not follow that the 
results are due to the effects of storage. However, in view of the 
statement of the results of repetitions, there is little reason to question 
the effects of pollen storage on the sex ratio in hemp. 

Mangelsdorf {16, 17) has shown that certain types of maize pollen 
can be sorted mechanically^ by means of bolting sieves. Although 
size differences in pollen grains have no direct bearing on storage, the 
fact that such differences do exist must be taken into account in 
sampling. 

Bond (f ), working with shape and color of seeds in peas, has shown 
that the Mendelian proportions of these characters are altered by 
pollen storage, although he made no direct storage experiments. In 
his investigations pollen was applied to mature and immature stigmas. 
That on the immature stigmas presumably was stored until the stig- 
mas were receptive. 

Christie and Wriedt {5) found a seasonal variation in the Mendelian 
ratios of certain color factors in pigeons and chickens, but they failed 
to discover any seasonal effect on the ratios of yellow and green or 
tall and dwarf peas. 

Correns {8a) investigated the effect of aging pollen on the sex ratio 
in Mercurialis. Pollen was stored for various periods up to 120 days, 
and the seeds resulting from the treated pollen were planted with a 
control obtained by the use of fresh pollen. In general it was found 
that the older the pollen the higher the proportion of male to female 
plants in the progeny. 

Malhotra (14, 16) sho^wed that the sex ratio in asparagus could be 
altered by poUen storage. Certain treatments increased the ratio of 
male to female plants whereas other treatments reversed this effect. 

Sisa {20) found that pollen vitality in cucurbits changed rapidly 
with age. He observed that the germinating power of pollen in ffower 
buds increased from early morning until 9 a. m. of the day preceding 
blooming. From this time until the flowers opened the germinating 
power decreased slowly, but at 10 a. m. of the day of blooming there 
was a sudden decrease in pollen vitality. 

Nakamura {18) records a remarkable fluctuation in the occurrence 
of imperfect pollen grains in Im'patiens balsamina L. associated with 
changes in the air temperature. He found that imperfect pollen 
grains varied from 9 to 100 percent, the imperfections being due to 
irregularities in meiosis. Normal cell divisions took place when the 
maximuni air temperature was less than SO'^ C., but at temperatures 
above this point there is nonconjunction, nondisjunction, lagging, 
grouping, etc. Irregularities of tlus nature are not present to com- 
plicate the problem of differential functioning of maize pollen. Classi- 
fication of poUen samples by staining with iodine shows great regu- 
larity in the ratio o^ waxy to horny grains, and it must be concluded 
that these two sorts of pollen are formed in the expected proportions. 

Haigh and Lochrie (li), in a study of seasonal effect on Mendehan 
ratios in Vigna, found a strong tendency for the plants to produce an 
excessive proportion of recessive forms in the first flowers and a cor- 
respondmg excess of the dominant forms in the last flowers. 

Sasahi (19) cultivated pollen in vanous nutrient media and also 
studied how long it would retain its power to form poUen tubes. He 
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concluded that maize pollen was preserved best at 50 percent hu- 
midity. He found that the duration of the preservation of fertilizing 
power does not always coincide with the preservation of the ability 
to form pollen tubes and concluded that the duration of the real 
fertilizing power must be determined by actual pollinations. 

Gotoh (fO) shows there are many factors that influence germina- 
tion in artificial media. Quality of the glass, hydrogen-ion concen- 
tration of the medium, and dryness of the pollen are all important 
factors. Bursting is influenced more by the pH of the medium than 
by osmotic pressure. He found that different varieties of maize 
vary greatly in the percentage of pollen grains that will germinate. 
He found also that pollen with from 10 to 50 percent of shrunken 
grains germinated better than turgid pollen and that the highest 
percentage of germination occurred near the point of greatest bursting 

METHODS 

As this investigation progressed, several methods of treating pollen 
during storage were tried. These included exposure to direct sim- 
light for various time intervals and to artificial light of several in- 
tensities, storage in high and in low temperatures, storage in atmos- 
pheres of oxygen and of carbon dioxide and storage for 17 and for 24 
hours in the dark. 

Rather early it became apparent that the question of uniform 
sampling might be important. Accordingly an attempt was made to 
determine whether random sampling could be achieved in composite 
samples and further to analyze the factors that might affect sub- 
sampling. By means of an air blast in vertical long glass tubes, an 
attempt was made to discover whether the two sorts of pollen grains 
differed in weight; fine wire bolting sieves were used in an effort to 
determine differences in size, and specific gra\dty separations were 
made with solutions of alcohol and chloroform. In these experiments 
the sorted pollen grains were classified microscopically and duplicate 
samples were used in pollinations as a check on differential func- 
tioning. 

In the earlier experiments all pollinations were made on an indi- 
vidual plant basis. Pollen was collected separately from heterozygous 
plants, and the identity of each sample was retained for all treatments. 
This procedure involved a control pollination for each plant furnishing 
pollen, a practice that doubled the work not only in making and record- 
ing pollinations but also in the subsequent classification of seeds. 
There was a further disadvantage of this system in that many of the 
pollen treatments proved lethal and their control ears from fresh 
pollen were consequently useless. 

To obviate these disadvantages bulk samples of pollen were col- 
lected from as many as 50 heterozygous plants. The samples were 
sieved to remove anthers, then thoroughly mixed by pouring back 
and forth, and subsequently divided into as many subsainples as the 
quantity permitted. Care had to be exercised in mixing, as the 
grains tended to clump and even to become pasty if too large quan- 
tities were collected and the mass became too dense. 

This method of handling pollen simplified field practice, but with 
the exception of a single small group all the ears resulting from the 
use of bulk pollen samples showed significant reductions in the pro- 
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portion of waxy to nonwaxy seeds irrespective of pollen treatment. 
It seemed reasonable to ascribe this unexpected result to some condi- 
tion arising in the method of sampling, and until this possibility coidd 
be investigated the method of bulk sampling was abandoned. Subse- 
quent attempts to obtain low percentages of waxy seed from bulk 
pollen samples have been unsuccessful, and the earlier results remain 
without satisfactory explanation. 

Not only did the screening of numerous individual samples con- 
sume much time, but in many cases the accumulation of large num- 
bers of damp anthers reduced materiall}’' the quantity of usable pollen, 
besides introducing a possible source of variability by affecting the 
moisture content of the pollen grains. 

In the work of the last few years the tassels of pollen parents were 
enclosed in two bags, one vuthin the other. The inner bag, slightly 
smaller than the outer one, was perforated with numerous fine holes 
too small to permit the passage of anthers. By this means the pollen 
sifted into the outer bag almost as soon as shed and no sie\ung was 
required. This pollen was taken from the field in tassel bags, trans- 
ferred to small pdl boxes, and given treatments while in these boxes. 
Tor pollinating the covered boxes were taken to the field, and in most 
cases two ears were pollinated from each box. 

All female parents had their tassels removed and the silks were cut 
back 24 hours before pollination to provide uniform brushes of silks. 
Alany days before silking, the ears were covered ^vith open-ended bags 
closed at the outer end with flexible metal strips and closely fastened 
to the plant with copper wire. The technique employed on the female 
plants has not varied over the period of this investigation, and from 
the hundreds of seedless cobs obtained from many of the pollen treat- 
ments it was apparent that the error due to contamination was 
gratifyingly low. 

Several stocks of waxy were used, but aU of these have been in cul- 
tures of the Bureau of Plant Industry for many years and their 
behavior under ordinary conditions is well known. In the last 3 years 
this investigation has been limited to one stock, chiefly because that 
stock possessed large seeds capable of rapid classification. In the 
earlier work multiple-eared stocks with numerous small seeds were 
used, but since analysis showed no influence of the female parent and 
since the chances of errors in bookkeeping, to say nothing of the fail- 
ures of lower ears to produce seed, were greater in these strains, they 
were discarded. 

The experimental work was carried on at the Arlington Experiment 
Farm, Kosslyn, Va., and at Lanham, Md. This fact is mentioned, as 
the results from the two places were not always alike even in the same 
year. No question of seed stocks nor of personal equation is involved, 
however, as the seed and the personnel were the same in both localities. 
The geographical separation of the experimental work adds one more 
complication to the presentation of data already complex because of 
numerous time intervals, sampling techniques, and types of control. 

ANALYSIS OF SAMPLING 

The residts of the effect of storage on Mendelian ratios in function- 
ing pollen depend for their accuracy on the possibility of subdividing 
large samples of poUen into smaller subsamples. 
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Where pollen is collected in bulk from 25 or more heterozygous 
plants and is subsequently subdivided into subsamples for various 
treatments it is essential that the subsamples be alike at the start of 
the treatments. 

Similarly, where pollen is collected separately from individual plants 
and this pollen is subdivided into lots, one to be applied as a fresh con- 
trol and the others to be subjected to different treatments, the several 
lots must be random sainples of the original collection. 

After treatment there is no method for determining whether or not 
the control and treated subsamples were alike at the time of subdivi- 
sion. It can be determined that an array of ears obtained from a given 
lot of pollen used fresh is a random one, and it may be assumed that the 
corresponding lots in the treated series were random also; but this does 
not provide a measure of a possible selection. It is quite possible in 
pouiing subsamples to obtain two sets, both distributed at random 
about their respective means; yet the two means may differ unless 
care has been exercised to draw the samples for each set at random. 

To provide a measure of the randonmess of subsampling, each 
sample of pollen has been used to pollinate two ears. As is to be 
expected, especially where adverse treatments were given the pollen, 
there were many cases where only one ear of the pair produced seed. 
However, enough cases of paired pollinations were obtained to permit 
a measure of the randomness of subsamphng. To these may be 
added certain ears where the butts and tips were classified separately. 

In one experiment a bulk sample of pollen was collected from about 
25 plants, thoroughly mixed, and subdivided into 10 lots of approxi- 
mately equal size, which were subjected to a secular selection by the 
following method: The 10 subsamples were poured from a bag con- 
taining the bulk sample; the first subsample was numbered 1, and 
the last lot of pollen to leave the bag was numbered 10. These lots 
were used to poUinate 20 ears, each lot being used on 2 ears The 
subsamples were applied consecutively, lot 1 being applied to ears a 
and 6, lot 2 to ears c and d, etc. By this means it was hoped to 
obtain some knowledge as to whether or not the method of pouiing 
subsamples in\^olved an unconscious sorting of the pollen grains. 

Only 17 of the 20 pollinations were effective. The correlation 
between the number of a subsample and the percentage of waxy 
seeds obtained is p = —0.123 ±0.169, clearly indicating that the 
method of samiding did not introduce any regular selection of the 
pollen grains. 

When the variance of the population of paired ears resulting from 
the use of fresh pollen is subdivided into its several elements it is 
found that there is no difference between subsamples in the propor- 
tion of waxy to horny pollen grains that function in the production 
of seed. There is a congelation of 0.5 between the pollen grains within 
subsamples, but the number of samples is too small to attach any 
significance to the coeflicient. The apportioned variance for this 
population is given in column 2 of table 1. ^ 

^ As a comparison with the above population, the variance is appor- 
tioned for two similar populations of paired ears resulting from the 
use of fresh pollen, where the poUen, instead of being collected in 
bulk from many plants, was collected separately from each plant and 
each collection was used on a single pair of ears. The mean squares 
for these two populations are shown in columns 9 and 10 of table 1. 
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It win be observed that the mean square of the means of subgroups is 
but tw^'o-thirds of that found when the bulk sample of pollen was 
used. 

It was not to be expected that the mean square of the means of 
subgroups from pollinations with individual plant samples would be 
lower than the mean square of the means of subgroups from pollina- 
tions wdth subsamples of composite collections. Composite samples 
never should have mean squares larger than those of the individual 
samples, and the expectation would be for lower mean squares. Since 
the difference between the mean square for the composite sample 
(12,043.74) and that for the combined populations in columns 9 and 
10 of table 1 (8,012.68) is not significant, the result may be attributed 
to chance. 

Although in both populations from individual plant samples the 
mean square of the means of subgroups exceeds that of the pair 
members from their mean, the differences are not significant, and it 
may be concluded that for these populations there is no reason to 
believe that the ratios of the two kinds of pollen grains were more 
nearly the same within subsamples than between subsamples. 

Three other populations resulting from the use of fresh pollen are 
available for analysis. In these three populations the subsamples 
consist of the butts and tips of the ears. Two of the populations are 
from the use of composite collections of pollen, the ttod being from 
individual plant pollinations. No manual division into subsamples is 
involved in these three populations, and in the population from indi- 
vidual plant pollinations the mean square of the means of subgroups 
measures the differences between male parents. 

The mean squares are given in columns 6, 7, and 11 of table 1. 
In all three populations the mean square of the means of subgroups 
exceeds that of the members of the pair from their mean, and in two 
of the populations the differences are clearly significant. In the 
third (column 6) the difference just borders on significance. Were 
the comparison limited to the population given in colunm 11 it would 
be a fair inference that male parents differed one from the other, but 
with the composite samples no such interpretation is possible. 

For purposes of comparison a single population has been included 
(column 13) where the variabihty is limited to the ovules, the pollen 
having been all of one kind — ^waxy. In this population the mean 
square of the means of subgroups (composed of butts and tips) is 
actually less, though not significantly so, than that of the butts and 
tips from their mean. This is the only case of the 12 presented in 
table 1 where the means of subgroups are less variable than their 
components. It is clear that the difidculties in sampling and the 
observed correlations between butts and tips and between paired 
ears from the same pollen subsample are confined to the pollen. 
Since the composite samples are less satisfactory in this respect than 
the individual plant samples, it is evident that the results flow from 
physiological rather than genetic differences in pollen. This conclu- 
sion receives further support when the populations of ears resulting 
from the use of stored pollen are examined. 

There is one population resulting from the use of stored pollen 
collected from iudividual plants. The mean squares for this popula- 
tion are given in column 12 of table 1 and may be compared directly 
with those in column 11, which are for a population from the same 
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Individual pollen samples collected from separate male 
parents 

Ears resulting from pollen used 
after indicated treatment, classi- 
fied separately for butts and tips 

Male waxy, 
female het- 
erozygous 

ffC 

2, 500.04 
2, 498 24 
2,929 06 
3. 027 46 
2, 879 78 

.024 

> 05 
236 
59,550 

49. 96 

a o 


2, 497. 39 
2,433 87 
19, 669 99 
6, 126 19 
33, 460 03 

*o 

'rh 1-1 O 

CO O CO 


- 

2, 459. 82 
2, 442. 98 
7,111 36 
2, 789 93 
11,576 83 

.709 

< 01 

62 

16, 912 

43 65 

Eresh pollen applied 
to paired ears 

o 

2,473. 27 
2,464.03 
7, 865. 02 
7, 465 04 
8,285 00 

.052 

> 05 

42 

23, 952 

44. 80 


2,477 11 
2,465 98 

7, 328. 34 
7, 201. 34 
7,468 03 

.018 

>.05 

22 

9, 179 

45 19 

Composite pollen sample split into subgroups 

Ears resulting from pollen 
used after indicated treat- 
ment, classified separately 
for butts and tips 

Stored in 
sun 6 
hours 

QO 

2, 482 46 
2,464 77 
7.430.89 

1, 734 30 
13,443 96 

.102 

< 01 
38 

10, 386 

45 78 

Fresh 
Arling- 
ton 1929 


2, 465 05 
2, 455 82 
4. 824.11 
77 20 
10,363 17 

2 43 

<.01 

14 

3, 336 
44.03 

Fresh 

Lanham 

1929 

C0 

2,500 20 

2, 486 96 
6,031 29 
3, 205. 91 
9. 092 13 

520 

>.01 

26 

6,094 

50 42 

Pollen, after indicated treatment, ap- 
plied to paired ears 

Stored in 
oxygen * 


2, 340. 42 
2, 339. 02 
3. 038.91 
2,606 18 
3,687 99 

.174 

>.05 

16 

7,501 

37. 36 

'go 

oo 

ce 


2. 143 24 
2, 133. 13 

6, 757 41 

3, 227 89 
12. 492 90 

.678 

>.01 

22 

9,609 

31. 11 

I? 

o 

crj 

CO 

C3 


2, 160. 98 

2, 154. 61 

5, 444. 39 
3,841 87 

7, 848. 15 

to trs oo 

* A.-<Mro 

t>r 

Fresh 


2,488.31 
2,474.48 
8,021 81 

4, 674. 43 
12,043. 74 

.483 

>.05 

14 

5, 216 
46.50 

Variation 

- 

A^ortionment: 

Total seeds mean square,. 

Seeds on ear do 

Ears ..do 

Pair members from their mean do 

Means of subgroups do 

Analysis: 

Means of subgroups 

Pair members from their mean 

Significance of 2 . ...P. _] 

Primary groups number.. 

Total seeds do 

Waxy seeds -..mean percent.. 


o 
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pollen parents where the pollen was applied immediately following 
collection. The enormous increase in the mean square between ears 
wdll be noted in this population of ears from stored pollen. This may 
mean either that the stored samples of pollen have not been accorded 
uniform exposm'e to sunlight or that the samples reacted differently to 
exposure. Probably the high intraclass correlation (p=0.701 ±0.046) 
is the result of both factors. It should be noted, however, that the 
mean square of the pair members from their mean is also excessive 
in this group of ears. Thus the tips and butts of the same ears tend 
to differ from each other, indicating a differential functioning of the 
two sorts of poUen tubes in long and short styles. 

A similar situation is encountered in a population of ears resulting 
from the use of pollen stored in the sim where a composite collection 
of poUen was subsampled. The mean squares for this population 
are given in column S of table 1. 

In columns 3, 4, and 5 of table 1, the mean squares are given for 
a single composite sample of pollen, which was subdivided into small 
samples that were used in each case to pollinate a pair of ears. All 
three lots of subsamples were drawn at random from a single bulk 
collection, treated for 2)i hours, and applied hours after collec- 
tion. In all three cases the waxy percentages are low although the 
lots stored at 37^^ and 10° C., respectively, do not differ significantly, 
the of the difference of these two populations being 3.31 (P=0.069), 
The samples stored in oxygen have a significantly higher percentage 
of waxy seeds than either of the two temperature series. The oxygen 
treatment differs from the 37° treatment, with a x^ of 52 (P<10“®), 
and from the 10° group, with a of 97 (F<10“®). The oxygen 
series shows rather conclusively that the subsampling was random, 
whereas the 10° treatment shows evidence of an intraclass correlation. 

If the 37° and the 10° C. populations are combined, on the assump- 
tion that the storage treatments resulted in no differential behavior, 
and the variance of this combined population is apportioned, it is 
found that the mean square of the means of pairs is 10,477.58 and 
that of the pair members from their means is 3,420.78. The ratio of 
the two is 3.062, with P lying between 0.01 and 0.05. There is, there- 
fore, just a possibility that the pairs of pollinations in this temperature 
series are not random subsamples of the original composite sample. 

Further analysis of variance is possible in the case of a siugle 
population where ears were pollinated in pairs and the butts and tips 
of each ear were classified separately. The pollen in this case was a 
composite sample split into small subsamples and these were stored 
in sunlight for 5 hours. Each subsample was applied to two ears. 
The mean squares for duplicate samples used fresh are given in 
column 7 of table 1. Not all the paired pollinations were successful, 
and the mean squares for aU the ears irrespective of pairs are given 
ha column 8. 

Limituig the population to the ears where paired poUhaations were 
successful and apportioning the variance into its component ele- 
ments, it becomes possible to compare the variance of subgroups 
based on butt and tip sampling with the variance of subgroups 
composed of paired ears. 

The data are as follows: 
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Apportionment of variation: ^fean square 

Total seeds 2, 467. 80 

Seeds on butts and tips 2, 458. 60 

Seeds on ear 2, 457. 08 

Butts and tips 5, 172. 66 

Ears 8, 802, 46 

Butts and tips from their mean 345. 34 

Means of subgroups of butts and tips 8, 802! 46 

Ears from their pair mean 5, 900. 78 

Means of subgroups of paired ears 12, 284. 48 

Analysis of variation: Number 

Primary groups of butts and tips 24 

Subgroups of butts and tips 12 

Primary groups of whole ears 12 

Subgroups of paired ears Q 

Total seeds 6, 456 

f\fean percent 

Waxy seeds 44. 3 


Comparing the mean squares of this restricted population with 
those obtained for all the ears as given in column 8 of table 1, it is 
seen that the agreement is fairly close in all categories other than the 
mean squares of the means of subgroups composed of butts and tips. 
In the unrestricted population this is 13,443.96, and in the limited 
population it is only 8,802.46. The difference is not significant, but 
apparently in limiting the population to paired ears some of the 
variability was eliminated.^ In the restricted population it is seen 
that the intraclass correlation between butts and tips is significant, 
z equaling 0.78 and P being less than 0.01. No such correlation can 
be demonstrated for the paired ears, even though the mean square 
of the means of subgroups exceeds that found for the means of sub- 
groups composed of butts and tips. The mean square of the indi- 
vidual ears from their pair mean is also larger than the mean square 
of butts and tips from their mean, and z equals 0.367, P being greater 
than 0.05. The difference between the two mtraclass correlations, 
as measured by z, is 0.415±0.398. 

From the analysis of the variance of the percentage of waxy seeds 
in butts and tips of these ears, it is clear that the variation between 
butts and tips is much lower than that between individual earn 
despite the fact that the pollen was a composite sample. No such 
condition can be demonstrated between paired pollinations, although 
there is evidently a tendency in this same direction since the mean 
square of the means of pairs is twice that of the members of the pair 
from their mean. Just why the butt and tip of an ear should be more 
nearly alike than a pair of ears pollinated with the same poUen is not 
clear. It might be urged that this evidence indicates an influence of 
the female parent, which, of course, in these cases, was homozygous 
for waxy and could not contribute directly to variation m waxy 
percentage unless the hypothesis of selective fertilization is invoked. 
Other evidence of the influence of the female parent is discussed later. 

Not only is the variance of the means of paired ears relatively 
high, but the variance of the butts and tips from the mean of the ear 
is too low, clearly indicating an ear individuality. 

From a consideration of these mean squares for the several sorts 
of groupings it is apparent that there is a real problem of subsampling 
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involved in these experiments, and it is indicated further that the 
most effective method of subsamphng is to collect pollen separately 
from each male parent. In following this practice each sample must 
be used once to provide a fresh control, a condition that adds to the 
field work and subsequent classification. However, experience with 
composite samples representing the output of many plants has proved 
so unsatisfactory and of such d^oubtful reliability that for the last few 
years all pollinations in these investigations have been made on an 
individual plant basis. 

This method does not wholly eliminate sampling difficulties, as the 
individual plant collection must be subdivided for various treatments; 
however, it is the best method possible under the conditions. A 
certain portion of the discordant results encountered throughout these 
investigations and the large errors so frequently involved in the 
populations of ears may properly be ascribed to difficulties in sampling 
masses of pollen. 

COMPARISONS BETWEEN WAXY AND HORNY POLLEN GRAINS 

SIZE 

Two methods have been used to determine whether waxy pollen 
grains differ in size from horny pollen grains. In one method the 
stained grains were measured under the microscope by means of an 
eyepiece micrometer, but since there is the possibility that the two 
forms of starch may expand unequally in the staining medium, thus 
giving spurious results, an effort was made to separate the two sorts 
of grains by means of sieves. 

A nest of sieves was made up of fme wire bolting screens having, 
respectively, 140, 170, 200, 220, and 270 wires to the inch. Although 
the best available screen cloths were procured and the most uniform 
areas of the material were selected for the sieves the apertures were 
quite variable. The mean sizes of the apertures of the sieves as 
given by the manufactmer were 0.105, 0.088, 0.074, 0.062, and 0.053 
m m, respectively, but in experiments of this nature the aperture of 
maximum size in each sieve is important. The sieves are referred to 
throughout the text by the number of wires to the inch, which is 
the manufacturer’s designation. 

Some difficulty was found in the mechanics of sieving, since many 
poUen samples tended to clump if agitated for a few minutes. A few 
samples were obtained where the pollen sifted through the sieves 
almost like dry sand. As pollen grains differ greatly in size from 
plant to plant, possibly because of differences in moisture content, 
the samples used in the sieve tests were confined in each case to single 
male parents. 

After separation, the pollen grains left upon each sieve were used 
to pollinate plants homozygous for the waxy gene, and in some cases 
samples were classified microscopically. These two methods of 
determining possible differences in size do not necessarily lead to the 
same result, for it is quite possible that differences in ability to effect 
fertilization might exist in the different size groups. 

Table 2 shows the most complete series of ears, representing six 
sieve s^es, obtained from a single sample of heterozygous pollen. 
There is some indication that the intermediate pollen sizes (as de- 
termined by the size of the sieves) have the highest proportion of 
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functioning waxy pollen grains. However, the duplicate pollinations 
from the same sieve sizes gave rather widely different results, and 
the errors are such that no definite conclusion can be reached as to 
the certainty of this observation. It does seem clear that there is a 
significant deficiency of functioning waxy pollen grains in the smallest 
size group. Whether this deficiency indicates that the waxy grains 
were retamed on the sieves of Urger aperture or that the small waxy 
grains did not effect fertilization so "well as the small horny grains 
cannot be determined from these data. 


Table 2. — ^Vaxy and horny seeds obtained when pollen (single sample from plant 
26S2) lodging on the various sieves was used on ears homozygous f or the waxy gene 


Female plant no ^ 

Pollen 

from 

screen no. 

Seeds obtained 

Total 

Horny 

Waxy 

305 - 

140 

Number 

428 

Number 

217 

Number 

211 

Percent 

49 3±1.6 

306 - 

140 

114 

61 

53 

46 5±3 2 
56 4±L 6 

303 

170 

427 

186 

241 

304 

170 

334 

164 

170 

50. 9dbl.8 
57. 4±1. 3 

297 

200 

622 

265 

357 

295 

220 

162 

83 

79 

48 8±2. 7 

49 5±1 6 
37. 3±3 5 

294 

270 

440 

222 

218 

293 

0) 

59 

37 

22 


Total 


2,586 

1, 235 

1, 351 

52. 24±. 66 




1 305-306 and 303-304 duplicate pollination^,; x* between the combined 305 and 306 and the combmed 303 
and 304 = 3 56 CP=0 057), between plant 293 and the combined 303 and 304=6 135 (P=0 013). 
a Pollen that passed through all sieves. 


Table 3. — Analysis of pollen ratios and sizes in samples of sieved pollen from 

individual plants 


Source of pollen 
and treatment 

Seeds from 
pollmations 

Difference 
between 
seeds and 
pollen 

Pollen classified microscopically 

Red 

pollen— blue 
pollen 

i 

Waxyi 

S.E. 

Waxy 

S.E. 

1 . 

W axy 

S.E. 

Blue-staining 

Red-staining 

Differ- 
ence in 
size 

S. E. 

Size 

S E 

Size 

S.E. 

Plant 7133. 

Pet. 

i Pet. 

Pet. 

Pet. 

Pet. 

Pci. 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Unsieved 

50 3 

3 1 





0. 08512 

0.00060 

0.08496 

0. 00049 

1 

o 

S 

0,00078 

Caught on— 













Sieve 140 

53. 1 

2 2 





.08264 

.00049 

.08312 

.00057 

.00048 

.00074 

Sieve 200 

53.4 

2 2 





.08384 

.00045 

.08344 

.00045 

-.00040 

1 .00064 

Sieve 270 

52.3 

2. 2 





.08280 

.00049 

.08400 

.00053 

.00120 

.00072 

Bottom 

52.6 

2.2 


-- -1 



.08200 

.00053 

.08224 

.00057 

.00024 

.00078 

Plant 7506* 













Unsieved 

51.4 

2.1 

0.0 

3.04| 

51.4 

2.2 

. 09840 

.00072 

.09392 

.00064 

-.00448 

.00096 

Caught on— 













Sieve 140 

44.4 

11 7 

5.3 

11.90 

49.7 

2.2 

.09248 

.00052 

.09296 

.00050 

.00048 

.00072 

Sieve 170 

44 0 

1 3 

4,3 

2. 55 

48.3 

2.2 

.09200 

.00041 

. 09216 

.00048 

.00016 

.00064 

Sieve 200 

43.8 

2 5 

6.8 

3. 32 

49.6 

2.2 

,08968 

.00044 

.08944 

.00050 

-.00024 

.00066 

Plant 3425: 













Caught on— 













Sieve 170 

56,0 

1.3 





. 10144 

.00161 

. 10176 

.00096 

.00032 

, 00194 

Sieve 200 

41.5 

1.3 





.08968 

.00098 

.08872 

.00060 

-.00096 

.00112 

Plant 7256: 













Caught on— 













Sieve 140 







07872 

.00060 

.07992 

.00092 

.00120 

.00110 

Sieve 170 







.07856 

.00066 

07772 

.00056 

-.00084 

.00086 


1 Percentage of waxy seeds obtamed when the pollen lodging on the sieve indicated was used on ears 
homozygous for the waxy gene. 
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No other pollen sample proyided so many sizes; the majority of 
the samples lodged on only two or three sieves. 

Waxy-horny ratios, together with micrometer measurements of the 
pollen grains, were determined for three samples of sieved pollen that 
was classified microscopically. The most complete series is that for 
the pollen sample from plant 7133, the data for which are given in 
table 3. 

In this sample there is no evidence that the waxy pollen grains 
differ in size from the horny grains or that the sieves were at all 
effective in sorting the two l^ds of grains. 

As a check on the efl'ect of the staining fluid on the size of grains, 
50 grains were measured dry from the sample left on sieve 200. 
These grains, of course, could not be classified into waxy and horny, 
so the comparison must be made with the mean size of the stained 
grains from the same sieve. The mean size of the dry grains was 
found to be 0.0S9 12 it 0.00056 mm, whereas the mean size of the 
stained grains from this same sieve was 0.08364 ±0.00044 mm. The 
difference (0.00548±0. 00071) is clearly significant but is in the direc- 
tion of a shrinkage of the stained grains. 

^ In the second of these samples the pollen from each sieve was sub- 
divided, one lot being classified and measured under the microscope, 
the other being used to pollinate homozygous waxy ears. The data 
are shown in table 3. 

The classifications made under the microscope show that all samples 
closely approximate 50 percent waxy, the widest departure being 
found on sieve 170 where the percentage (48.3) departs from 50 with 
X* only 0,5 (P= 0.479). In the unsieved pollen the blue-staining 
grains were 4.8 percent larger than the red-staining grains— a differ- 
ence that is 4.75 times its standard error, giving P=0. 000002. How- 
ever, there is some evidence that the unsieved pollen was not a ran- 
dom sample of the sieved pollen, for the mean size of the unsieved 
grains was 0.09616 ±0,00053 mm, whereas the mean size of the 
pollen grains stopped by the sieve with the largest apertures (140) was 
0.09272 ±0.00035 mm. The difference (0.00344±0. 00063) is more 
than 5 times its standard error. No explanation can be offered for 
this discrepancy in size. 

When the ears resulting from the use of these several samples of 
pollen are examined an entirely different situation is encountered. 
The percentage of waxy seeds obtained from unsieved pollen is 
exactly the sanie as the percentage of waxy pollen found in counting 
the pollen grains under the microscope. The exactness of this agree- 
ment is, of course, merely a coincidence. Only 18 seeds were obtained 
from the pollen used from sieve 140, and the percentage is included 
in the table simply for completeness. The percentages of waxy in 
the other two samples are both significantly lower than that found 
m the unsieved pollen, indicating that, even though the actual pro- 
portion of waxy to homy pollen grains remains the same in all size 
groups, m the small sizes waxy grains are less effective than hornv 
grams m accomplishing fertilization. 

There are no significant differences between the percentages of 
vaxy as determined by using the pollen to produce seeds and as 
determmed by microscopic examination. 

The t^d sieved sample (table 3) provided only two sizes, the 
poUen all lodging on sieves 170 and 200. The difference in the per- 
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centage of waxy pollen grains (14,5 ±1.84) is clearly significant; the 
pollen passing to sieve 200 having the lower percentage of waxy 
grains. However, within the sieved samples there was no significant 
difference in size between the two sorts of grains. 

One other sample of pollen was sieved and the sizes of grains were 
measured (table 3), but through inadvertence no record was made of 
the proportion of waxy to horny pollen grains. 

This sample serves to emphasize the fact that within a sieve class 
the two sorts of pollen grains are of the same size. With this sample, 
to provide a check on possible distortion of size by the staining 
medium, dry pollen was measured. That from sieve 140 had a 
mean size of 0.07364 ±0.0078 mm and that from sieve 170 had a 
mean size of 0.07612 ±0.0006 mm. The mean size of the dry grains 
on sieve 170 exceeded that of the dry grains on sieve 140 by an amount 
that was 2.3 times its standard error. This relationship is reversed 
in the stained grains, the mean size of the red grains from sieve 140 
exceeding that from sieve 170 by an amount that was 3.0 times its 
standard error. Such results indicate that despite the manufac- 
turer’s rating there is no effective difference in the sizes of the aper- 
tures in sieves 140 and 170. 

In another sample, not shown in table 3, the poUen all lodged on 
sieves 170 and 200. That on the sieve of larger aperture proved to 
have by count under the microscope 53. 5 ±1.57 percent waxy grains 
and that on the sieve of smaller aperture 46.0 ±0.95 percent waxy 
grains. The difference (7.5 ±1.83) is over four times as large as its 
standard error. _ 

In summarizing the evidence for the pollen classified under the 
microscope, it would appear that some plants produce pollen of which 
the horny grains are somewhat more likely to pass a sieve of a given 
size than are the waxy grains. It has been demonstrated that there 
is not always a corresponding difference between the sizes of the 
two sorts of grains. Measurements of pollen grains in unsieved 
samples indicate that it is questionable whether the sieves fxmctioned 
as selectors of size. The observed results could be explained by 
slight differences in stickiness between waxy and horny grains. 

From the samples used in pollinations there is strong reason to 
conclude that in pollen grains of the smaller sizes the waxy pollen is 
at a disadvantage in effecting fertilization. 

Before leaving tliis subject it should be noted that the pollen grains 
from the several samples differ significantly in size. They range 
from 0.07 to 0.10 mm, with errors in the third decimal place. 

WEIGHT 

For the purpose of disclosing differences in weight between waxy 
and horny pollen grains, samples of pollen from heterozygous plants 
were separated by means of an air blast. 

The apparatus consisted of a vertical glass tube about one-half 
inch in diameter and 30 inches long, which was bent at the upper end 
to deflect the floating grains into a suitable container. The lower 
end was closed with a fine-meshed bolting cloth and inserted into the 
neck of a large flask. Air under pressure was admitted to the flask 
by means of a side connection. The flask served to smooth convec- 
tion currents and provided a more even air pressure on the bolting 
cloth. 
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The pollen to be tested was placed on the bolting cloth and with 
the increase in air pressure rose through the tube and spilled into the 
container. No attempt was made to record air pressure, which was 
controlled by a needle valve and increased as required to drive over 
the last grains. 

The pollen grains that floated through the tube with the lowest 
pressure were kept separate from those that rose through the tube 
only with the highest pressure. Samples of the first and last lots 
were stained with iodine and counted. The bulk of the pollen was 
applied to silks of plants homozygous for waxy for an eventual seed 
count. 

The two sorts of grains in both the light and heavy samples were 
essentially equal in number and the of the difference between the 
light and the heavy weight was 0.80 (P=0.37). 

Only four samples of pollen produced ears from both the heavy 
and the light weight. In the most successful of these, three ears were 
produced from each of the weight groups. Combining the three ears 
from each group, the x" of the difference between the ratios of homy 
to waxy seeds is foxmd to be 3.89 (P=0.048) indicating that the air 
blast did not separate the two sorts of pollen grains. 

As a further analysis of these data, 10 ears resulting from heavy 
pollen were combined, and the mean percentage of waxy seeds was 
compared with that obtained when 10 ears resulting from light pollen 
were combined. The heavy pollen gave 48.11 ±0.85 percent waxy 
and the light pollen gave 47.92 ±0.57 percent waxy. The difference 
between the two groups (0.19±1.02) is not significant. From these 
data it may be concluded that any difference in the percentage of 
waxy seeds due to the use of pollen of different weights could not 
have been greater than 3 percent. 

SPECIFIC GRAVITY 

As a means of determining whether waxy poUen grains differed from 
homy pollen grains in specific gravity, pollen from a heterozygous 
plant was placed in a tube filled witn a solution of chloroform and 
alcohol in the proportion of 38 : 6. This solution could be so accu- 
rately balanced that the temperature would determine whether the 
grams would sink or float; a drop of 1° or 2° C. would sink all pollen 
grains, whereas an increase of a few degrees would bring the grains to 
the surface. By adjusting the proportions of chloroform and alcohol 
and holding the tubes under constant temperature, a fairly good sep- 
aration of pollen grains could be obtained. Pollen grains from the 
top and bottom of the tube were pipetted off, stained with iodine, and 
classified under the microscope. Several individual plant samples 
were tried. In one the floating grains gave 69 horny to 68 waxy and 
the sunken grams gave 161 homy to 148 waxy. The x^ of the differ- 
ence between the simken and the floating grains is 0.114 (P=0.74), 
indicating a chance difference between the two sets. With another 
sample the floating grains were classified as 1,135 waxy to 929 horny, 
and the sunken grains gave 536 waxy to 494 horny. 

Fifty-five percent of the floating grains and 52 percent of the sunken 
difference of 3 percent has a probabflity of 
U.Ubo. Prom these tests it may be concluded that the two sorts of 
pollen grams do not differ in specific gravity. 



Jan 15, 1936 


Modification of a Mendelian Ratio in Maize 


97 


ELECTRICAL TEST 

An attempt was made to separate the two sorts of pollen grains 
electrically, but this proved unsuccessful. Two strips of zinc were 
suspended about one-quarter of an inch apart in a tube containing 
chloroform and alcohol in which heterozygous pollen was suspended. 
These zinc poles were connected with a 6-volt storage battery, but 
no lateral movement of the suspended pollen grains could be detected. 

EFFECT OF VARIOUS FACTORS ON RATIO OF WAXY TO HORNY 

SEEDS 

TIME OF ANTHESIS 

It has been suggested that the effects observed in stored pollen 
might be explained by a differential maturity of the two types of 
grains; that a simple differential death rate would account for percent- 
ages of waxy seed greater than 50 in stored pollen but would not ex- 
plain percentages less than 50 when fresh pollen is used. 

If waxy pollen grains are in fact immature at anthesis, then the very 
first pollen shed in the morning should result in earn with the lowest 
percentage of wa^ seeds, and this percentage should increase with 
time. To test this point an effort was made to collect pollen early in 
the morning, but on most August days in the vicinity of Washington 
heavy dews delay pollen shedding until S a. m. Even when a few 
favorably situated plants shed some pollen before this hour, the mois- 
ture that accumulated on the spikelets interfered vuth collection. 
However, one series beginning at 6:45 a. m. was successful. From 
this series there is no evidence that the waxy poUen grains are less 
mature when shed early in the morning than when shed later. The 
data are shown in table 4. 

Table 4. — Effect of hour of collection of pollen on percentage of waxy seeds 


Hour of collection 

Ears 

Total 

seeds 

Waxy seeds 

A. m. 

Number 

Number 

Percent 

6.45 

6 

1,317 

46. 6d=l. 1 

7:15 

5 

1,554 

50. 3± . 5 

7,55 

7 

2,290 

46. 7± .9 

8.30 

15 

6,298 

45. 5± 8 

Menu - 

33 

11, 459 

46. 5± 5 


Table 5. — -Effect of hour of collection of pollen from each of 4 plants on percentage 
of wcLxy seeds resulting from fresh applications, July 30, 1932 


Source of pollen 
(plant no ) 

Waxy seeds from pollen collected at 
indicated hour 

8 a. ni. 

11:30 a m. 

Difference 
(11.30-8 
a. m.) 


Percent 

Percent 

Percent 

1 

47. 3=h0. 95 

51. litl. 12 

3 8±1. 6 

2 

45.7=1:1 03 

44.7=fcl. 13 

~1.0i:L5 

3 

47 9=h .97 

42 9:tl.02 

-6. 0d=1.4 

4 

43. 8=i= . 90 

45. 8±1.09 

2,0:fcl.4 
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With the exception of the collection made at 7:15 a. m., the ratios 
of waxy to horny seeds are significantly less than equality but do not 
differ from one another. In one other case pollen was collected from 
four plants at S a. m. and was applied immediately. A second collec- 
tion of poUen was made from these same plants 3K hours later. The 
results are shown in table 5. Of the four differences, one is three and 
one-half times its error ; but since it is one difference in a series of four, 
the odds against its being due to chance are about 16 to 1. 

The time of day at which the pollen is shed, therefore, seems to 
bear no relation to the deficiency of waxy seeds resulting from the 
use of fresh pollen. This deficiency may be due to immaturity, but 
if so the waxy grains are equally immature irrespective of the time 
of anthesis. The results accord better with the observations of 
Sprague {21), i. e., that waxy poUen grains germinate more slowly 
than horny grains. 

CONDITIONS OF POLLEN STORAGE 
Storage m Sunlight 

Although in 1925, 1926, 1927, and 1929 pollen exposed for as long 
as 7 hours to suidight was capable of functioning in fertilization, 
similar exposures in 1928 were imiformly lethal, and much shorter 
periods tried in 1930 and 1931 (some as short as 10 minutes) were 
practically lethal, only a few seeds being obtained. In 1932 a few 
exposures for as long as 5 hours were successful. Exposures for 
shorter periods (15 to 45 minutes) showed no lethal effects. It 
became possible m 1932 to measure the degree of illumination by 
means of photronic cells, and it was found that the brightest cloudless 
summer days in the vicinity of Washington, D. C., registered 12,500 
foot-candles in direct sunlight and that the maximum observed in 
Arizona was 13,000 foot-candles. Under a single layer of glassine 
paper the radiation was reduced about one-third. 

On most days in late July and early August, when these experi- 
ments were conducted, the sky is far from cloudless and the illumina- 
tion varies rapidly from 2,000 to 12,000 foot-candles. Since the 
experiments were made oyer a period of from 10 days to 2 weeks in 
any one year, it is not beheved that the lethal effects obtained in the 
years 1928, 1930, and 1931 were caused by excessive radiation. 

While no measurements of radiation were made previous to 1932, 
records were kept as to whether the day was clear, partly cloudy, or 
cloud;y\ So far as these records serve, they fail to support the idea 
that the death of pollen in 1928, 1930, and 1931 was due to unusually 
mtense radiation. It is more reasonable to assume that in these 
years pollen was more sensitive to radiation than in the other years. 
Ihis hypothesis receives support from the fact that pollen from differ- 
ent plants does not react alike to storage treatments. 

With a knowledge of these limitations in mind, the results obtained 
from exposures of pollen to sunlight may be examined. 

In 1927 no pollinations were made with fresh pollen, and the com- 
parison for this year is limited to sun storage as contrasted with 
storage m^ the dark for the same period of time. The comparisons are 
aU on an individual plant basis, each plant furnishing poUen for a sun 
and lor a dark exposure. AU the samples were in glassine bags, and 
the sim exposures were made on a flat table in direct sunlierht. The 
time intervals ranged from to 7% hours. 
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Only 13 pairs of pollinations from light-dark treatments were suc- 
cessful. In 12 of the 13 cases the pollen exposed to direct sunlight 
produced ears with a higher percentage of waxy seeds than the dupli- 
cate samples stored during the same period in the dark. The mean 
excess for the series was 20. 13 ±2.01 percent, despite the fact that the 
dark series averaged^ 50.4 ±0.7.^ The mean difference and its error 
is weighted by IjEf] the details of this statistical procedure have 
been published elsewhere (5). 

As part of the series of heat treatments given at Arhngton, Va., in 
1928, a series of duplicates was exposed to sunhght. Most of these 
were for periods of 5}^ hours and all proved to be lethal. The only 
pollen that produced seeds after exposure to sunlight was a composite 
sample spread in a thin layer in a large uncovered Petri dish resting 
on a block of ice. Seven ears w^ere obtained from this treatment, 
which lasted for 4}2 hours. The mean percentage of waxy seeds was 
47.30 ±0.73. No other treatments given on this day produced ears, 
so there is no other population with, which to compare this percentage. 
Since, however, the average percentage of waxy seeds from fresh 
pollinations made at Arlington in this year with composite samples of 
pollen was 46.24 ±0.78, there is every reason to conclude that the 
sample stored on ice in direct sunlight for 4^2 hours was not affected by 
the exposure. 

In 1929, at Lanham, Md., the length of the period of exposure to 
sunlight ranged from. 6 hours and 40 minutes to 8 hours and 45 
minutes, but the indi vidua] variability was so great that no conclusions 
can be drawn as to the relationship of time to the degree of alteration 
in the waxy-horny ratio. 

AU pollinations were made on the individual plant basis, and the 
comparisons are between pollen that was used fresh and pollen that 
was stored. 

The pollinations were made on 2 days, August 5 and 8. August 5 
was a bright clear cold day, with radiation probably approximating 
12,000 foot-candles, whereas August 8 was cloudy. Only three paii’s 
of pollinations were successful on August 5, all showing a pronotmced 
effect of the exposure to sunlight. The mean difference in the per- 
centage of waxy seeds from stored pollen and that from fresh pollen 
was 16.4 ±3.3, the stored pollen producing the higher percentage 

The pollinations made on August 8 were more successful, doubtless 
because of the less rigorous conditions prevaihng during exposure. 
The effect of the treatment was far less than that of 3 days earlier, 
though the difference in the percentage of waxy seeds obtained from 
stored pollen and that obtained from fresh pollen was 4,9 ±1.3 percent, 
in favor of the stored pollen. 

Although fresh pollen produced ears with percentages of waxy seeds 
ranging from 33.1 to 55.9, there was no tendency for these differences 
to be maintained when stored pollen was used. The correlation 
between the percentage of waxy seeds resulting from the use of fresh 
pollen and that obtained from stored pollen was only 0.16 ±0.13, 
indicating that the conditions of storage obliterated any differences 
between fresh samples. 

If the storage operated to bring the fimctioning waxy grains up to 
equality with the horny grains, a negative correlation should be found 
between the percentage of waxy seeds on the ears resulting from fresh 
pollen and the difference between this percentage and that obtained 
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from the use of stored pollen. This would follow since the fresh 
samples giving the lowest percentage should be (under the premise) the 
samples that produced the largest differences. The correlation is 
found to be “-0.302, and although the coefhcient has no statistical 
significance, P lying between 0.1 and 0.2, it does indicate that the 
deficient percentages obtained from fresh pollen tend to be corrected 
in the stored pollen. 

At Arlington, on August 8, a series of exposures to sunlight was 
made covering a period of 4 hours. The strains used were identical 
vdth those grown at Lanham. Only nine pairs of ears were obtained, 
and these showed no evidence of alteration in the proportion of waxy 
to horny pollen, grains when exposed to sunlight. None of the 10 
differences is statistically significant. 

This result may be compared with the results obtained at Lanham 
on the same day, where 13 of the 26 differences were significant, 10 
being in the direction of a higher percentage of waxy seeds from treat- 
ed pollen. Since the exposure at Arlington was for 4 hours and the 
shortest exposure at Lanham was 6 hours and 50 minutes, the lack of 
agreement between the two places may be due to this difference in 
period of exposure. 

On the same day at Arhngton a second group of pollinations was 
made, in which the fresh pollen was used on homozygous waxy plants 
and the stored pollen was used to self-fertilize the plants that func- 
tioned as male parents. This was done because there was a possi- 
bility that the pollen might behave differently when used on the stigma 
of the plant that produced it than when used on sister plants. The 
fresh pollen proved to have 47.12 ±0.57 percent waxy grains. The 
expected percentage of waxy seeds when this pollen is used on plants 
heterozygous for waxy is 23.6. The self-pollinated ears resulting 
from the use of stored pollen had 23.5 ± 0.4 percent of the seeds waxy. 
This agreement with the percentage expected from the known propor- 
tion of waxy to horny pollen grains in the fresh pollen is added evi- 
dence that 4 hours' exposure to sunlight failed to alter the relative 
effectiveness of waxy pollen grains. 

In nine instances stored pollen was used both in backcrosses and in 
self-pollinations, permitting direct comparisons of the two types of 
pollination. The mean difference between the self-pollinated and the 
backcrossed earn, after doubling the percentages in the groups of self- 
poUinated. ears to make them comparable with those obtained from 
backcrossing, is found to be — 1.4 ±1,7, showing that the results of 
pollen storage are not affected by the nature of the pollination, i. e. 
whether selfed or backcrossed. 

There was no correlation between the percentage of waxy seeds 
on the backcrossed and on the selfed ears where stored pollen was 
apphed (p=— 0.221 ±0.224). With only nine comparisons, however 
the correlation must be very close for statistical significance. 

At Arlington, Ya., in 1929, an attempt was made to accumulate the 
data necessary to deterndne the change in proportion of functioning 
waxy pollen grains with increase in time of storage. 

A bulk sample of pollen was collected, subdivided into small con- 
tamers, some of these samples were used immediately for fresh controls 
and the remainder stored in the sun. Each hour a certain number 
01 exposed samples were applied to ears of homozygous plants. It 
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was found necessary to make two collections of pollen, and unfor- 
tunately these two lots did not react alike to storage. 

The summarized data are shown in table 6. As will be seen, the 
pollen from the first lot showed a change in the percentage of waxy 
seeds after 2 hours’ exposure to sunlight and an increased alteration 
with 3 hours of storage, wliich was the final period for the first bulk 
sample of pollen. The second lot, although showing an increase in 
percentage of waxy with the passage of time up to 6 hours, fell far 
short of the change observed in 3 hours in the first lot. Since both 
lots of pollen had identical exposures for the first 3 hours, the dis- 
crepancy between them cannot be charged to different amounts of 
radiation. Both lots of pollen were alike in their behavior 'when 
used fresh, and since they consisted of bulk samples from sister plants 
there can be no question of plant sensitivity. Further, since the 
pollen was all subdivided into small lots, each subsample containing 
enough pollen for two ears, it hardly can be maintained that variation 
in the quantity of pollen was a factor. Although it is probably true 
that the samples contained unequal amounts of pollen, it is unlikely 
that all the subsamples of one collection contained more or less pollen 
than all those of the other collection. 


Table 6 . — Percentage of waxy seeds chiained from fresh and from sun-treated 
'pollen^ Arlington j Fa., August (9, 1929 


Treatment of 
pollen 

Ears 

Total 

seeds 

1 

Waxy 

seeds 

Treatment of 
pollen 

, Ears 

Total 

seeds 

Waxy 

seeds 

Fresh (first collec- 
tion) _ __ 

Number 

6 

13 

10 

11 

Number 

2,473 

6,258 

3,223 

3, 196 

! 

Percent 

46. 8=fcl. 4 

46. 5± .7 
51.6=fcl.7 
63.0=fcl.4 

Fresh (second col- 
lection). 

Number 

11 

14 

10 

12 

1 

Number 

4,775 

6,479 
6, 143 
4, 142 

Percent 
43 7=b . 9 

44. 1± .8 
47. Oil. 0 
62. 7il.4 

Hours in sun 

1 

Hours in sun. 

4 

2 

6 

3 

6 




At Sacaton, Ariz., in 1929, two lots of ears were self-pollinated, one 
lot with pollen collected and applied between 7:30 and 8 a. m.,^ the 
other with poUen collected during this period and exposed to direct 
sunlight through one thickness of glassine paper for 8 hours and 45 
minutes. Since the ears were self-pollinated, identical plants are 
not involved, but the number of plants was such that an average 
sample was assured. The ears obtained from the use of fresh pollen 
had a mean of 20.9 ±0.5 percent waxy seeds and those resulting from 
the use of stored pollen had 23.0± 1.1 percent waxy. ^ The ^erence 
between the two groups is not significant. There is a significant 
negative correlation between the number of seeds and the percentage 
of waxy in the group of ears obtained from the use of stored pollen, 
p equaling —0.584, and P being less than 0.01. _ In the fresh pollina- 
tions the correlation coefficient is of the same sign but is not signifi- 
cant (p=~- 0.291). 

There is no difference between the two populations in mean seed 
number, the stored group having a mean of 157 and the fresh group 
a mean ojf 150 seeds per ear. The fact that a higher percentage of 
waxy seeds is found when the number of seeds is snaall might be taken 
as an indication that the slower rate of germination of waxy pollen 
grains accounted for the observed correlation in the group of ears 
from stored pollen. However, this relationship would be expected 
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as well in the group of ears from fresh pollen, on the premise that 
scant quantities of pollen offer no opportunity for competition between 
the slow- and fast-germinating sorts of pollen grains. 

The fact that no such relationship between number of seeds and 
percentage of waxy is found in the fresh group as is revealed in the 
stored group indicates that the unfavorable conditions of storage in 
sunlight operate to destroy horny pollen grains more rapidly than 
waxy grains. 

At Lanham in 1932 a series of exposures was made in direct sun- 
light for a period of one-half hom\ Half-hour exposures were made 
on three different days, the radiation as measured \vith the photronic 
cell ranging from 2,000 to 12,500 foot-candles. On none of the 3 
days was the treatment effective, and the mean change for the com- 
bined series was an increase from treated pollen of 1.08 ± 0.41 percent 
waxy, 

^ On one of the days, treatments of 15, 30, and 45 minutes were 
given. Several of these were successful in all categories. The 
data are presented in table 7. In only one instance (sample 3005, 
exposed for 45 minutes) was there evidence of a significant change 
in the proportion of functioning waxy pollen grains. This sample 
shows a difference of 16,0 ±2.2 percent between the effectiveness of 
the stored pollen and that of the fresh poUen, the stored pollen 
producing the higher percentage of waxy seeds. 

Longer exposures were tried in this year, but only three pairs were 
successful. These were given 5 hours at rather low candlepower 
(180 to 7,000 foot-candles), with temperatures ranging from 28^^ 
to 41° C. All three samples show very great differences in the 
percentage of waxy seeds between ears resulting from the use of 
stored pollen and those from the use of pollen exposed to sunlight. 
The mean difference in percentage of waxy seeds for these three ears 
is 42.9 ± 3.3, the pollen stored in sunlight giving the highest percentage. 


Table 7. — Percentage of waxy seeds obtained from, fresh and from sun-ireated pollen^ 


Pollen sample no. 

Seeds resulting from pollen used after indicated treatment 

Fresh 

In sun 16 minutes 

In sun 30 minutes 

In sun 45 minutes 

Total 

'SYdiSj 

Total 

Waxy 

Total 

Waxy 

Total 

Waxy 

2437 

2486-.-. i 

2816 „ 

2825 

3005 

3007 

3105 

Number 
1, 347 
2,318 
1, 962 
1, 418 
2,296 
2, 169 
582 

Percent 

38. 6d=l. 1 
44.6db .7 
45. 3± .8 
45. 3=fc . 9 
45. 6cb . 7 
48. 9± . 7 
; 44. 7±1 4 

Number 

1,223 

1,378 

942 

1,303 

1,245 

1,285 

1, 100 

Percent 

40. 2db0 9 
48. 3± .9 
41. 5d=l. 1 
46. 9± . 9 
42. 5zb . 9 
45. 6± .9 
45.9±1.0 

Number 

999 

892 

942 

936 

945 

1,240 

7G7 

Percent 

45. 2±1. 1 
51. Oil. 1 

43. 9±1. 1 
43. 6±1. 1 
48 8±1. 1 

44. 3±1. 0 
47. 2i:l. 2 

Number 

676 

555 

698 

1, 278 
250 
885 

7 

Percent 

47. 9=bl. 3 
48. 3±:1. 4 
47. 6d=l. 3 
47. 2d: , 9 
61. 6±2. 1 
48. Odbl. 1 
85. 7r±: . 9 


^ The illumination varied from 4,400 to 6,400 foot-candles, and the temperature ranged from 37® to 60° C. 


Storage at Various Temperatures and in Oxygen 

In order to (Merentiate further between temperature and light 
it vould. be desirable to have light exposures at low temperatures 
and heat exposures in the dark. The latter, of course, are easy to 
provide, but the former can be obtained only imperfectly. It is not 
possible to vary the illumination without a concomitant alteration 
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in the temperature, except by means of quartz cells and flowing 
water. Even with this device, which restricts the number of pollen 
samples handled and increases the time interval for equal energy 
intake, the quahty of radiation is somewhat altered. Not only is 
it difficult to provide light exposures without heat but it is equally 
difficult to determine the temperature of pollen grains exposed to 
light. Just what proportion of the radiant energy is transformed 
into heat when absorbed by the opaque yellow pollen grains and 
how much of this heat is counteracted by evaporation it is now 
impossible to measure. Crude attempts have been made to estimate 
pollen temperatures by means of poUen-covered mercury thermom- 
eters, but the information derived from this method is admittedly 
inaccurate. 

The tests show that such thermometers exposed to sunlight may 
exceed air temperatures by as much as 25° C., the amount depending 
on the brightness of the day, air movement, and air temperature, to 
say nothing of the thickness of the pollen coating and its moisture 
content. 

If the observed increase in proportion of waxy to horny seeds follow- 
ing the use of pollen stored in direct sunlight is simply the result of 
high temperatures, then poUen stored at temperatures of 35° to 45° C. 
in the dark should produce similar changes in the percentage of waxy 
seeds. 

To test this point a vertical oven was constructed with a light bulb 
at the bottom as the source of heat. This oven, with fom' wire shelves 
and a damper control, proved to give very constant temperatures. 
The four stages provided temperatures of 31°, 32°, 35°, and 45° C., 
which could be held within a range of 1° with infrequent attention 
to the damper. 

Pollen collected from 50 hetero^gous plants was sieved to remove 
anthers and thoroughly mixed.^ This sample was then divided into 
subsamples, which were placed in small glassine bags, each sabsample 
having enough pollen to serve 2 years. The glassine bags were then 
numbered, and the pollen from one was used immediately to pollinate 
two ears of homozygous waxy plants. The silks of these ears had been 
cut back 24 hours pre^dously to provide a uniform brush about 1 inch 
long. The bags of pollen to be treated were subjected to the four 
oven temperatures for 3)^ hours, after which the pollen was applied 
to ears in the same progeny as the ears pollinated with the fresh 
pollen. Because of the distance from the field to the laboratory and 
the time consumed in maldng the pollinations, the period elapsing 
between the time the treated pollen was collected and the final 
application was bK hours. Each of the subsamples was used on 2 
ears, except that in a few cases, where one of the ears had but few 
silks, three ears were pollinated from a single subsample. The 
results are summarized in table 8. 

It will be seen at once that the treatments, far from increasing the 
percentage of waxy seeds, actually reduced it. The control lot 
deviated slightly but not significantly below equafity, but without 
exception aU the heat treatments tried in this experiment resulted 
in significant reductions in the percentage of waxy seeds. 
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Table S. — Percentcige of waxy seeds ohtaine,d froin 'pollen subjected to various 
temperatures for 3}i hours 


Treatment C ) 

Ears 

Total 

seeds 

Waxy seeds 

Control 1 

Number 

3 

6 

8 

11 

9 

Number 

846 

2,310 

1, 453 

3, 076 

2. 469 

Percent 

47 87±1. 15 

39 44±1 05 
38.13±1 17 
40.08± .85 

39 69±1 57 

31 - 

32 

35 ' 

45 .,..1 



i Pollen applied immediately after subsampling 

A second experiment was conducted with pollen handled in the same 
fashion. In this experiment pollen was collected from 50 plants and 
thoroughly mixed. Subsamples were then poured into small glassine 
bags, which were assigned consecutive numbers. These subsamples 
were divided into three groups. One group was stored for 2% hours 
at 37*^ C., another was stored for the same length of time at 10°, and 
the third was held in an atmosphere of oxygen drawn into jars through 
sulphuric acid. All three treatments gave very low percentages of 
waxy seeds, the mean percentages being 32.49 ±0.49, 31.18±0.53, 
and 37.73 ±0.45, respectively. The resiilts of the two temperature 
treatments were nearly alike in the percentage of wa^y seeds, indicat- 
ing complete absence of temperature effect and pointing clearly to 
some other disturbing factor. 

These ears are the first in which a reduction in the percentage of 
waxy seed was observed to follow the use of stored pollen, but other 
lots were encountered subsequently and similar reductions have been 
reported by Brink Further it should be noted that all pollen 
produced at the Arlington Experiment Farm in 1928 and subjected to 
various treatments gave similar reductions in the percentage of waxy 
seeds. Although the experiment affords no proof that high tem- 
peratures offer the explanation for the observed effect of storage of 
pollen in the sunlight, it must be borne in mind that the technique 
followed in handling the poUen samples differed radically from that 
previously employed. In fact the general reductions in the per- 
centage of waxy^ seeds observed in all pollen samples handled in bulk 
at Arlington raises the question as to whether the results are not 
directly ascribable to this method of handling the pollen. 

In addition to the oxygen series already discussed, storage in 
oxygen was tried on 3 other days. As it happens, no other ears are 
available for comparison on 2 of these days, as aU other treatments 
tried, such as l^h temperatures, carbon dioxide, etc., proved lethal. 
However, a series of 10 ears resulted from fresh pollen used on 1 day 
(Aug. 4). These 10 ears had a mean of 46.24 ±0.78 percent wax}" 
seeds. The summarized data for the oxygen treatments are given 
in table 9. 

All four groups of ears resulting from pollen stored in oxygen had 
less than half of the seeds wa:^, and the deficiency became greater 
as the season advanced. No significance is attached to this relation- 
ship, as numerous attempts to discover a seasonal trend in the 
waxy-homy ratio in many progenies have always resulted in failure. 
However, Chao (4), working with the glutinous gene in rice (which 
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corresponds in effect very closely with the waxy gene in maize), found 
evidence of a seasonal trend in the survival of pollen grains bearing 
this gene. 

Table 9 . — Percentage of waxy seeds obtained from pollen stored in oxygen for 

JiYi hours 


Date 

Ears 

Total 

seeds 

V axy seeds 

July 31 

Number 

Number 

Percent 

6 

1, 727 1 

48 62±1.23 

Aug. 1.- i 

7 

2,345 

46 31±1 31 

Aug. 4 1 

4 

137 1 

40 88±1 30 

Aug. 7 

22 

9,449 ' 

37 73d= . 45 


When the mean percentage of waxy seeds obtained from the use of 
fresh pollen (46.24 zb 0.78) was compared with that obtained from 
pollen stored in oxygen (40,88 ±1.30) on August 4, the difference 
was found to be 5.36 ±1.52, the oxygen-treated pollen giving the 
lower percentage. 

At Lanham, Md,, in 1928, bulk samples of pollen were collected 
from heterozygous plants, but, instead of combining the poUen of 50 
plants, only 10 plants were used and several collections were made. 
Numerous exposures to sunlight were tried, but in every case this 
treatment killed all the poUen. 

One experiment involved dividing the bulk pollen into three sub- 
samples, applying one subsample fresh to several ears, exposing a simi- 
lar quantity to direct sunlight for several hours, and placing the third 
lot in an oven. Five bulk samples, collected at five different hours in 1 
day, were treated in this manner. Not a single lot exposed to sunlight 
produced seed, but the oven samples were more successful. These 
are compared with the controls in table 10. The longest period of 
treatment corresponds with the earliest time of collection, since aU 
treated samples were removed from the oven at the same time. 

Table 10 . — Percentage of waxy seeds obtained from fresh pollen and from duplicate 
pollen samples held in the dark for various periods and at various temperatures 


Sample no. 

■ Hour of 
collection 

Treatment 

Ears 

Total 

seeds 

Waxy seeds 

Temper- 

ature 

Duration | 


A. m. 

° C, 

Hours 1 

Number 

Number 

1 Percent 



/ (0 


7 

1,729 

I 50 64±3 03 


8 00 

t 35 

m 

5 

145 

71. 04±3. 49 



1 0) 


5 

1, 398 

48. 64d=l. 51 

2 

830 

\ 26 

S 

5 

700 

46,15±1.41 



1 28 

8 

6 

1,076 

46.40± .82 



/ (0 


8 

1,980 

49.04d=1.06 


9 30 

\ 28 

7 

8 

2,638 

47.42±1.01 

j 


J CO 


10 

3, 105 

49.08rt: .80 


10.15 

1 26 


13 

5,491 

48.42± .37 



/ (0 


1 

168 

53.00rfc2 50 


10 50 

( 36 

m 

4 

1,525 

49. 51d= . 95 


1 Pollen applied fresh. 




106 


Journal of Agricultural Research 


VoL 52, no. 2 


It will be noted that, with the exception of the 8K-hour treatment 
at 35"^ C., aU treatments resulted in a lower percentage of waxy seeds 
than their corresponding controls. ^ The group of five ears resulting 
from the 8K-hour treatment and having a mean percentage of 71.0 ±3.5 
waxy seeds was consistent, although, as the total (145) shows, the 
ears had very few seeds. So far as known, there was no difference in 
these samples other than the time at which the pollen was collected 
and the length of the storage period. However, from the fact that the 
poUen collected at 10:50 a. m. and stored for 5% hours at 35^ gave no 
evidence of an increased survival of waxy pollen grains, it is highly 
doubtful that the change observed in lot 1 after 2% more hours of 
storage could have resulted from the additional time unless a definite 
threshold reaction be assumed. It seems more likely that the pollen 
collected at the earlier period was in some manner more sensitive 
to the conditions imposed and that the waxy grains were slightly 
more able to resist the unfavorable treatment. Certainly the number 
of seeds obtained from this lot of treated pollen was very much less 
than that obtained from lot 5. 

In the years 1931 and 1932 all pollinations were made on the 
individual plant basis. Bach sample of pollen from a heterozygous 
plant was subdivided and one lot was used fresh as a control. Various 
periods of exposure and several stages of heat treatment were tried. 
The results are summarized in table 11. When the array of mean 
differences is examined, it is seen that the percentages of waxy seeds 
from stored pollen range from a deficiency of 3.0 ±0.9 to an excess of 
17.3 ±4.6. The duration of the treatments ranged from 15 minutes 
to 2 hours, and the temperature to which the several samples were 
subjected ranged from 40° to 50° C. In attempting to derive order 
from this series, it became apparent that the closest relationship is 
that between the length of the exposure period and the degree of 
alteration in the proportion of functioning waxy pollen. The coeffi- 
cients of correlation of ranks calculated for these variables are as 
follows: Between the difference in the percentage of waxy seeds and 
duration of exposure p=0.614; between the difference and temperature 
p = — 0.25; and between duration and temperature p = — 0.7. The 
last-named coefficient, of course, results largely from design, since 
for the most part the pollen samples were kept at the highest tempera- 
tures for the shorter periods. With only 9 points, these coefficients 
can be only suggestive. 

There can be no question but that the series of ears resulting from 
the use of pollen stored in the dark for 2 hours at 41° C. in 1932 had 
significantly higher percentages of waxy seeds than the ears pollinated 
with duplicate samples of fresh pollen. However, even in this series 
of nine comparisons there were three where no effect of storage was 
obtained. In the other groupings there are scattered samples where 
unquestionable alterations have occurred, especially in the series of 
12 ears held on July 30, 1932, for 1}^ hours at 47°. The series as a 
whole is so variable that the mean change is hardly significant. 

In addition to the scattered samples showing increased effectiveness 
of waxy pollen grains foUoving storage, there are several cases where 
the treatment seems to have acted unfavorably on the waxy pollen. 
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Table 11. — Percentage of waxy seeds from fresh pollen and from pollen stored for 
various periods ana at various temperatures ^ 


Date 

Treatment 

Paired 

Total seeds from 
indicated pollen ! 

Difference m 
waxy seeds 

Duration 

Temper- 

ature 

ears 

Fresh 

Stored ' 

from fresh 
and from 
stored pollen 

1931 

mutes 

« C 

Number 

Number 

Number 

Percent 

July 28-.-- - 

15 

I 42 

9 

6,316 

5,049 

3. 0±0 9 

July 29 

30 

49 

5 

2,261 

1, 316 

^3 6±3 0 

July 30 

30 

1 44 

4 

2, 425 

1, 270 

7±2.2 

Aug. 1 

30 

40 

2 

1, 121 

1, 867 

1.4±1 0 

Aug. 2 

1932 

I 20 

50 


3, 999 

4, 062 

1. 1±2. 3 

July 28 

90 

44 

2 ! 

1,969 

2,128 

1 1±2.1 

July 30 

90 

47 

12 

16,613 
10, 450 

13,724 

-7. 6 

Aug 3 

75 

41 

8 i 

10, 031 

-.9=fc .7 

Do 

120 

41 

9 

11,660 

8, 184 

-17 3±4 6 


I Pollinations were made with collections from individual plants, each pollen parent furnishing a fresh 
and a treated sample. 


One other series of comparisons of pollen treated in the dark 
remains to be discussed. In this last series individual plant samples 
were subdivided into two lots. One lot was stored at 10° C , the other 
at 25° for periods of 7 hours and 10 minutes to 7 hours and 30 minutes, 
both being in the dark. The pollen stored at 25° gave a slighly 
higher percentage of waxy seeds than that stored at 10° but the 
difference (2.6dz.9) is not significant. Both samples gave mean 
percentages of waxy seeds slightly above 50, which is imiisual. 

Storage Under Artificial Light 

For experiments designed to determine the effect of light on the 
survival of pollen grains, the sun constitutes a capricious and an 
uncertain source of illumination since simhght varies in intensity 
with each passing cloud. Even on bright clear days the intensity of 
radiation varies, and exposures to uniform amounts of radiation are 
not often obtainable. The chief advantages of sunlight lie in the 
amount of energy delivered and in the area covered, which makes 
possible the exposure of large numbers of samples. These advantages 
are offset by the difficulty in estimating the amount of radiation 
delivered over a given period. The development of the photronic 
cell has provided a means of rapidly measuring changes in radiation, 
but where the radiation is varying during an exposure period even 
frequent readings of this instrument permit only a coarse estimate of 
the amount of radiation. Accordingly a controlled source of illumi- 
nation was sought. 

It was known from the experiments of Brink {2) vith ultraviolet 
and also from the fact that sunlight is effective through glassine paper 
(having a transmission spectrum similar to that of window gla^) that 
wave lengths in the ultraviolet region were not essential in differen- 
tiating waxy from horny pollen grains. 

It was desirable that the artificial source of illumination should 
have an emission spectrum similar to sunlight and that the energy 
output should be such that long exposures were not required. 
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Providentially there was introduced at about this time a lamp 
designed to meet the therapeutic fad of the moment for home sun- 
tanning. This lamp ingeniously combines the mercury vapor arc 
with a glo\ving tungsten filament and when equipped with a Corex 
glass bulb affords in simple form a fair approximation to sunlight, 
though somewhat deficient in the middle region of the spectrum. 
The radiant energy at a distance of 20 cm from the source is roughly 
0.1 that of sunlight at the earth^s surface on a bright day. 

This light was placed in operation in 1930, a year that in the vicinity 
of Washington, D. C., was notable for an extended drought. Pre- 
liminary experiments showed that pollen exposed to this light for 
one-half hour failed to germinate on corn sUks, but shorter exposures 
offered more hope. The treatments were planned, therefore, on the 
basis of exposures of 5, 10, and 15 minutes, and in addition some 
samples were illuminated through a quartz cell carrying a stream of 
cold water as a means of preventing a rise in tempera ture.'^ 

The rigors of the season played such havoc with the results that 
few ears were obtained and these had very few seeds each. A single 
complete set, having enough seeds to carry some statistical weight, 
represents the results for this year. These data are shown in table 12. 

Table 12. — Percentage of waxy seeds obtained from subsamples of pollen from a 
single plants applied fresh or after exposure for various periods to artificial light 
of ly^OO foot'Candles ^ 


Treatment 

Total 

seeds 

Waxy seeds 

Duration 

Tempera- 

ture 

. . _ 

Minutes 


Number 

Percent 

0) 

36 

292 

48.6±2.0 

5 

38 

122 

64.9±3.0 

10 

40 

100 

64.0±3.2 

15 

49 

177 

71 8d=2. 3 

15 3 

43 

135 

51. 1±2. 9 


1 Estimated from kBown distance between lamp and pollen. 

2 PoUen applied fresh. 

> PoUen protected from high temperature by quartz water cell. 


The pollen used on these five ears was from a single heterozygous 
plant, and the results show that the factors operating during the 
exposures to light, in the absence of the quartz water cell, brought 
about a decided alteration in the proportion of waxy to horny pollen 
grains functioning in fert^zation. The single ear resulting from the 
use of pollen exposed to light for 15 minutes but protected from high 
temperature by the quartz cell shows equally clearly that light alone 
does not affect these two sorts of pollen grains differentially. 

The temperature as measured by an exposed mercury-bulb ther- 
mometer rose under the quartz w^ater cell from 36'' to 43" C., whereas 
without the protection of the water cell the temperature attained a 
maximum of 49". As it has been shown that temperatures of this 
degree for such short periods are ineffective, the possibility may be 
entertained that the differential functioning of these two sorts of 
pollen grai ns is brought about by the combination of light and heat. 


■* The writer is indebted to Dr. P S. Brackett, formerly of the Division of Radiation and 
Smithsonian Institution, for suggesting the use of this device and for the cell itself. 


Organisms, 
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Slight support for this hypothesis is derived from a summary of all 
the seeds obtained from these experiments in 1930. 

The high mortality of all pollen in 1930 prevented comparisons of 
individual pollen samples, but the seeds may be summarized. From 
the use of fresh pollen, 3,862 seeds were obtained having 50.0 ±0.6 
percent waxy; from pollen treated with artificial light not protected 
by the quartz water cell, 1,094 seeds were obtained having 53.0 ±1.0 
percent waxy; when the pollen was screened by the quartz water cell, 
2,479 seeds were obtained with 49.1 ±0.7 percent waxy; and when 
pollen was stored in the dark at temperatures identical with those of 
the improtected light series, 260 seeds were obtained having 50.1 ±2.1 
percent waxy. The errors in the above summary are calculated from 
the total number of seeds and no great significance can be attached 
to the results. There is thus a slight indication that light plus heat 
produces an effect not obtained with either factor alone, but the data 
are far from conclusive. 

Since the data obtained in 1930 were inadequate, an extensive 
series of exposures to artificial light was tried in 1931 . These exposures 
ranged from 5 to 45 minutes, all without the quartz water cell.^ The 
results are shown in the first 11 entries in table 13. Not one of the 
treatments produced a significant alteration in the proportion of waxy 
to horny pollen functioning in fertihzation. 


Table 13 . — Comparison of results obtained from fresh pollen and from pollen 
exposed for various periods to artificial light of 1,200 fooUcandles ^ 


Treatment » 

■O i 

Paired i 
compari- 
sons 

j 

Total seeds from 
indicated pollen 

Difference 
in waxy 
seeds from 
fresh and 
from treated 
pollen 

Date 

Duration 

Tempera- 

ture 

Fresh 

Treated 

1931 

Minutes 

° C. 

Number 

Number 

Number 

Percent 

July 25 

20 


5 I 

2,331 

2,027 

\ —0. 2+2. 0 

July 26 

10 


11 

3,975 

3,717 

.0+1.2 

Do 

5 


6 ! 

2,798 

2^508 

1.5+1. 7 

July 28 

5 

47 

6 1 

3, 908 

2,790 

3. 8+1. 7 

Do 

15 

45 

7 

4,968 

5,005 

. 0+1. 4 

July 30 - 

20 

44 

5 i 

2,689 

2,463 

-3.6+2 1 

Do 

30 

46 

5 

5,705 

2, 181 

1.7+1. 3 

Aug 1__ 

15 

39 

9 

4,888 

2,901 

2. 5+1. 1 

~Do 

30 

42 

9 

5,209 

6, 761 

4.6+1 1 

Do 

45 

43 

4 

1, 514 1 

1, 550 

.2+1 7 

Aug. 2 

20 

44 

5 I 

2,930 i 

1, 581 

- 2+2.0 

1932 



I 




July 30 

3 60 

37 

6 ' 

10,130 ! 

3,302 

-9 6+3. 1 

Do 

90 

47 

5 

7,596 

25 

1 -55 0+3.0 

Aug 3.. 

76 ' 

40 

5 

6,540 1 

1,384 

1 -47. 0+1. 9 

Do--_ 

120 

41 

6 

8,224 

157 

I -58 8+1 2 

1 


1 Estimated from known distance between lamp and pollen. At this distance the pollen was exposed to 
1,200 foot-candles m 1932, when the illumination was measured by the photronic cell. 

2 Pollinations were made from collections from individual plants, each pollen parent fumishmg a fresh 
and a treated sample. 

3 At 800 foot-candles. 

A single experiment was arranged w±ereby the pollen samples were 
exposed at different distances from the source of light, all being ex- 
posed at the same time and for the same period. The distances were 
so arranged that the uppermost sample received four times the radiant 


8 The photronic cell was not available in this year, but the following year it was found that at the distance 
that separated them from the lamp the pollen grains were subjected to hght of an intensity of 1,200 foot- 
candles. 
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energy of the lowest sample. The comparison involved fresh pollen 
and pollen exposed for 20 minutes at distances of 32 cm, 24 cm, and 
16 cm from the light. The following percentages of waxy seeds were 
obtained: From the fresh pollen, 45.6 ±0.7; from the pollen exposed 
at 32 cm, 43.2 ±0.6; at 24 cm, 44.1 ±0.7; and at 16 cm, 45.3 ±0.8. 
Clearly for the time involved (20 minutes) the light produced no 
effect "on the proportions of the two sorts of pollen grains, nor is 
there any evidence that the ratio varied with the energy received. 

In view of the conflicting results in these experiments with pollen 
ratios, further experiments were conducted in 1932. The summarized 
results are shown in the last four entries in table 13. Exposures as 
short as 1 hour with an illumination of 800 foot-candles, as measured 
with the photronic cell, produced a marked differential in the survival 
of the two sorts of pollen grains in certain samples. When the light 
intensity was raised to 1,200 foot-candles and the exposure time was 
extended beyond 1 hour, the treatment was almost completely lethal, 
but of the pollen grains that survived by far the largest proportion 
bore the waxy gene. With one exception (the iK-hour exposure at 
1,200 foot-candles), the temperatures of the treatments were not so 
high as those of 1931, but the difference in effect between the 2 years 
is striking. 

A direct comparison of the effect of artificial illumination and of 
treatment in the dark at the same temperature is given in table 14. 
The ears in each comparison are from identical lots of pollen collected 
from individual male parents. The pollen samples stood side by side 
during treatment, the only difference between them being that the 
dark series were in covered pill boxes. The number of seeds in the 
light series is unfortunately small, and indeed only two of the ears in 
this series have any significance by themselves. In the aggregate, 
however, they emphasize the greater effect obtained with relatively 
high temperatures in conjunction with light as compared wdth the 
effect of similar temperatures in the dark. 

Table 14:.-— Percentage of waxy seeds ohlained from 'pollen subjected to artificial 

illumination of 1,200 foot-candles and from duplicate samples of pollen stored 

in the dark 


i 

j Treatment 

1 

i 


Seeds from pollen exposed to— 

Pollen 

sample 

Dark 

Light 

Duration 

Temper- 
ature 1 

Total 

V axy 

Total 

Wavy 

Hours 

® a. 

No. 

Number 

Percent 

Number 

Percent 



2339 

2,306 

S0.0d=0.7 

3 

100 



2353 

1,008 

68. l±l.O 

7 

100 


47 

2437 

1, 272 

37, 8± .9 

122 

66 4d= 2 9 


2461 

1,936 

47.0:i= .8 

4 

100 



2486 

161 

84. 5±1. 9 

7 

100 



3007 

58 

84, 5=b3. 2 

6 

83. 3±10. 2 



2816 

450 

81. 3=fcl. 2 

16 

100 



2694 

' 672 

92. ld= . 7 

116 

100 

2 

41 

< 2658 

2.020 

48 Ozfc .8 

8 

100 



2843 

1,862 

54. 6± , 8 

10 

90 dh 6.4 



3218 

422 

49 Idzh 2 

6 

100 

o 

1 ^ 

47 

3629 

43 

53 5±5. 1 

5 

100 


i The temperatures given are the maximum attained during treatment. 
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INDIVIDUAL PLANT RESPONSES TO POLLEN TREATMENTS 

The individuality of the reactions of the various pollen samples to 
the dark treatment has already been pointed out; a more detailed 
discussion follows: 

As an illustration of the variability of reaction of different samples 
of pollen, the data presented in table 15 have been assembled. The 
pollen was collected from four sister plants at 8 a. m., July 30, 1932, 
and subjected to various treatments. These four plants were chosen 
for this presentation because the treatments were alike and reason- 
ably successful in all categories. It will be observed that (1) only the 
pollen produced by plant 3005 showed a reaction to sunlight, (2) only 
the pollen from plant 2825 failed to react to 47"^ G. in the dark for 
1}4 hours, (3) the pollen of plants 2486 and 3005 failed to show any 
effect of storage for 24 hours, and (4) the poUen of plant 3007 failed 
to respond to artificial illumination of 1 hour’s duration. 

The pollen from all plants responded to some treatments, and it is 
not possible to conclude that the pollen of one plant is more or less 
sensitive than that of another. Apparently the condition of the pollen 
determines its response to a particular treatment. Thus poUen from 
plant 3005 reacted to sunlight, artificial light, and high temperature 
in the dark, but storage for 24 hours failed to bring about a change. 
On the other hand, pollen from plant 2825 showed only a relatively 
slight effect when subjected to artificial illummation but a pronounced 
reaction to prolonged storage. 

Because of their individuality, these responses give little insight into 
the nature of the reactions causing the differential survival of the two 
sorts of pollen, but they help to explain the variability encountered 
in arrays of ears obtained from the use of treated pollen. 


Table 15. — Percentage of waxy seeds from pollen collected from 4 plants at ike 
same time, July 30, 1932, and subjected to light and darkness for various periods 
and at different temperatures 


Treatment 


Seeds from pollen collected from plant no. — 


Exposure 

Dura- 

tion 

Light 

inten- 

sity 

Tem- 
pera- 
ture I 

2S25 

2486 

3005 

3007 

Total 

Waxy 

Total 

Waxy 

Total 

Waxy 

Total 

W'axy 



Foot- 











Min- 

can- 


Hum- 


Hum- 


Num- 


Num- 



utes 

dies 


ber 

Percent 

ber 

Percent 

ber 

Percent 

ber 

Percent 

Fresh 




1,418 

46. 3±0. 9 

2,318 

44. 6=b0. 7 

2,296 

45. 6*0-7 

2,169 

48.9* 0.7 

Sun 

15 

4,000 

42 ! 

1,303 

46. 9± .9 

1 ; 378 

48 3± . 9 

1,245 

42.6* .9 

1,285 

45.6* .9 

Do 

30 

4,400 

42 

936 

43 6±1. 1 

892 

51 Oil. 1 

945 

48 8*1.1 

1,240 

44,3* 1.0 

Do-,. 

45 

4,400 

42 

1,278 

47. 2± .9 

655 

48.3±1.4 

250 

61. 6*2. 1 

885 

48.0* 1 1 


Hours 




! 



! 




Light 

1 

800 

37! 

1, 347 

53.3=h .9 

18 

88.9±5.2 

765 

59. 3*1.2 

1,006 

51.7* .8 

Do... 

IH 

1,200 

47 



7 

100,0 ! 



6 

83. 3*ia 3 

Dark^ 

1 

37 





1,353 

47.2* 9 

1,005 

45.9* 1.1 

Do.,.. 

IJ^ 


47 

1, 179 

43. Idbl 0 

161 

84 5±L9 

199 

73 9*2 1 

58 

84. 5* 3. 2 

Do..., 

24 


26 

253 1 

74.3±1.9 

277 

44 8±2.0 

708 

45 9*1.3 

1, 155 

64.0* 1.0 


1 Maximum attained during treatment 
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DURATION OF STORAGE 
Sevexteex Houks 

By collecting pollen in the afternoon, using one lot immediately as 
a fresh control, and applying the remainder the following morning, a 
storage period of 17 hours was obtained, during which the pollen was 
kept in covered containers at room temperature. ^ 

In this experiment pollen was collected from iadividual plants at 
Arlington, Va., at 4 p. m., August 6, 1929. The stored pollen was 
applied at 9:30 a. m. the following morning, giving approximately 17 
hours of storage. In 19 samples the pollinations were successful in 
providing ears from both the fresh and the stored pollen. The ears 
obtained from the fresh pollen had the highest percentages of waxy 
seeds, but the difference of 2. 62 ±1.15 is not significant. 

Although there were only 19 successful paired pollinations, 25 ears 
were obtained from fresh pollen and 26 ears resulted from the use of 
stored pollen. When these two groups were examined from the stand- 
point of then female parents there was seen to be strong evidence of 
the influence of the female parent on the percentage of waxy seeds. 
The waxy plants used as female parents in this experiment were in 
two progenies. The plants in one group were designated by numbers 
between 1200 and 1300; in the other group, by numbers between 500 
and 700. 

Fresh pollen applied to the plants numbered between 1,200 and 
1,300 produced 49.1 percent "waxy seeds. Similar pollen applied to 
plants of the other progeny produced a mean percentage of 47.7 waxy 
seeds. The two groups are in fair agreement, x“ equaling 2.06 (P= 
0.147) and the mean of the two being 48.4. However, when stored 
pollen was applied to plants numbered between 1,200 and 1,300, the 
resulting seed was but 41.96 percent waxy, whereas similarly treated 
pollen used on plants numbered between 500 and 700 gave ears with 
a mean of 51.51 percent waxy seeds. The plants furnishing the pollen 
were not sibs of either progeny used as female parents. The of the 
difference between these two progenies is 7.05 (F=0.008). 

In one case storage decreased the effective proportion of waxy 
pollen grains, whereas in the other case the proportion of these pollen 
grains was increased. Clearly there is an effect of the female parent 
on the behavior of stored pollen. No such effect can be demonstrated 
for the fresh pollen; in fact, the progeny that gave the highest per- 
centage of waxy seeds from the use of stored poUen gave the lowest 
percentage when fresh pollen was used. The difference between the 
two progenies in their reaction to stored pollen as compared with fresh 
pollen is 10.99 ±2.21. The data are given in table 16. 

Table 16. — Eject of female parent on percentage of loaxy seeds from fresh and 

from stored pollen 


Female parent progeny 
no. 

Waxy seeds from indicated 
pollen 

Difference 
(fresh— stored) 

Fresh 

Stored 


Percent 

Percent 

Percent 

1200 

49 14±0. 79 

41.96±1.02 

7. 18rbl 29 

500 ; 

47 TOrfcl. 34 

51.5ldrl 20 

—3 81±1 80 

Difference 

1 

1 44±L 55 

-9 55±1.57 

10. 99±2. 21 




Jan 15, 1936 


Modification of a Mendelian Ratio in Maize 


113 


At Sacaton, Ariz., 1929, a short series of plants was self-pollinated, 
one half with pollen collected and applied in the afternoon, the other 
half with pollen stored overnight and applied the following morning. 
The period of storage was 16 hours and 5 minutes and, judging from 
the few ears and small number of seeds, the lethal limit was closely 
approximated. The ears obtained from the use of fresh pollen had 
18.9 ±0.6 percent waxy seeds, those obtained from stored pollen had 
19.3 ±0.8 percent waxy seeds. The difference is not significant. 
Both lots of ears have much lower percentages of waxy seeds than is 
customary in strains where no disturbing factor such as the m gene 
is present. 

Twenty-Four Hours 

In 1929, 1931, and 1932 there were a number of instances where 
poUen was stored in the dark (in covered pill boxes) for 24 hours. 
In these cases the pollen was collected in the morning and applied the 
following morning. In 1932 many of these long-period exposures 
were successful, whereas in other years the majority were failures. 
The data are presented in table 17. The results are very erratic, 
with the possible exception of the pollinations made in 1931, where 
there was a consistent and significant decline in the effective pro- 
portion of waxy to horny pollen grains in the stored pollen as com- 
pared with the fresh pollen. 


Table 17. — Percentage of waxy seeds obtained from fresh pollen and from pollen 
stored for 34 hours in the dark at air temperature 


Place 

Date 

Pollen 

sample 

no. 

Seeds from indicated pollen 

Difference 
m waxy 
seed from 
fresh and 
from stored 
pollen 

Fresh 

Stored 

Total 

Waxy 

Total 

Waxy 




Number 

Percent 

Nu mber 

Percent 




1 409 

267 

47 2±2 1 

55 

100 0 

-52 Si2. 1 

Arlington 

Aug. 1-2, 1929 

434 

370 

56.2=bl 7 

18 

38. 9i7 8 

17. 3i7. 9 



1 701 

553 

56.2±1 4 

45 

95 6i2. 1 

-39 4i2.5 



Av 





-44 9i6, 7 



f 609 

376 

44 4=bl. 7 

221 

38 0i2 2 

6. 4i2 S 



680 

421 

46 8d=l. 6 

220 

36 4i2 2 

10. 4i2.7 


Aug 1-2, 1931 

^ 1857 

482 

43.6±1 5 

167 

32. 9i2. 5 

10 7i2.9 



1967 

107 

6L7±3 2 

278 

44. 2i2, 0 

17.5i3.8 



1 1909 

543 

47 Oil. 4 

331 

43 2il.8 

j 3. 8i2 3 



Av 






-f 

00 



2339 

1, 203 

43 7il 0 

534 

44 Oil 5 

-.3il 7 



2340 

1, 378 

45 5=h .9 

410 

43 2il.7 

2. Sil 9 



2353 

1,055 1 

42 5±1 0 

584 

46 Oil 4 

-4.4il 7 



2448 

1,115 i 

46 lil 0 

289 

43.3i2 0 

2 8i2 2 



2460 

1,006 ! 

41 4il. 1 

252 

42 6i2. 1 1 

-1 li2.4 



2461 

1, 184 

43 Oil. 0 

385 

41 Sil 7 

1. 2i2 0 

Do 

July 30-31, 1932 

( 2486 

2,318 

44. 6i .7 

277 

44 8i2.0 

- 2i2 1 



2513 

851 

47 4il. 2 

323 

78 6il 5 

-31 2il 9 



2542 i 

1, 168 

46. lil. 0 

455 

39. Sil. 6 

6. Sil 8 



2638 

495 

40. 4il. 5 

682 

42 lil. 3 

-1. 7i2.0 



2825 

1,418 

45. 3i . 9 

253 

74 3il. 9 

-29. 0i2. 1 



3005 

2,296 

45. 6i . 7 

70S 

45 9il.3 

- 3il.4 



3007 

2, 169 

48. 9i .7 

1,155 

64 Oil.O 

-16. lil. 4 




1 




-6 li2. 2 


In 1929 and 1932 there were 5 large and unquestionable increases 
in the percentage of waxy seeds following 24 hours of storage, 3 of 

50929—36 3 
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these occurring in 1932. No explanation can be offered as to why 
these 3 samples behaved so differently from the remaining 10, other 
than the possible effect of slight differences in quantity of pollen. 
AU of these samples had duphcates that were stored for l)i homs in 
the dark at a tempera tm*e that reached a maximum of 47^ C,^ Two 
of these heat-treated duplicates (samples 2448 and 2513) failed to 
function when used to pollinate waxy plants. 

The fact that the heat treatment proved lethal might be urged as 
indicating a greater sensitivity for these two samples than for the 
remainder, but 24 hours of storage produced only a neghgible change 
in the proportion of the two sorts of poUen grains in sample 2448, 
whereas sample 2513 showed a very great change. 

Aside from the samples that failed to produce ears, sample 2460 
had a period of storage in the sun for 1 hour and a duplicate sample 
had a covered exposime in the sun designed to equalize temperature 
effects. The exposm’e to direct sunhght proved lethal, but the 
covered sample produced 10 ears showing no alteration in the pro- 
portion of the two sorts of pollen grains, the temperature in this case 
having attained a maximum of 50*^ C. All the other samples, with 
the exception of samples 2340, 2353, and 2825, gave significant 
increases when stored for l)i hours in the dark at 47“^. Apparently 
the exceptions, 2340, 2353, and 2825, Avere not sensitive to the treat- 
ment, yet sample 2825, when stored for 24 hom's, sho’wed a large 
increase in the functioning proportion of waxy to horny pollen grains. 

These 24-hour periods of storage are of interest chiefly in showing 
that in some instances the processes that efliect the differential func- 
tioning of these two sorts of pollen grains take place with the passage 
of time in the absence of light and at ordinary temperatures. 

EFFECT OF POLLEN STORAGE ON PERCENTAGE OF WAXY SEEDS IN BUTTS AND TIPS 

If certain storage conditions gradually reduce the vitality of the 
pollen grains so that the tubes of weakened grains grow more slowly 
than those of fully vital grains and if this reduction in vitahty takes 
place faster in horny than in waxy grains, then the proportion of 
waxy to homy seeds in the butts of ears pollinated with stored pollen 
should be higher than that found in the tips of the same ears. 

In bulk populations where classifications were made separately for 
the butts and tips, it was found that ears resulting from fresh pollen 
had 43.7 iO.6 percent waxy seeds and that ears resulting from pollen 
stored in the light for 7)i hours had 48.4 ±0.8 percent waxy seeds, 
a difference of 4.7 ±1.0 due to storage. The increase is not great 
but it is significant and of sufficient magnitude to show an effect of 
treatment. Unfortunately, when these pollen samples were treated 
there was no direct sunlight, the day being cloudy and overcast, with 
high hunddity. This may be the explanation of the slight increase 
in effectiveness of waxy pollen grains as weU as of the xmusual number 
of successful pollinations obtained with stored poUen. Although the 
observed alteration in the effective proportion of the tw^o sorts of 
pollen grains is low, certain pertinent information may be derived 
from a comparison of the percentage of waxy seeds in the butts with 
that in the tips of the ears. 

_ In a group of 56 ears resulting from the use of stored pollen, the 
difference bet^veen the percentage of waxy seeds in the butts and that 
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in the tips was 3.1 ±0.4 percent. In a group of 31 ears resulting 
from the use of fresh pollen, the difference between the percentage of 
wdxj seeds in the butts and that in the tips was 0.7 ±0.5. In both 
cases the butts had the higher percentage of waxy seeds. The differ- 
ence between these differences is 2.4 ±0.7, which may be considered 
significant. No such difference between butts and tips in the percent- 
age of waxy seeds is found when pollen from homozygous waxy plants 
is used on ears heterozygous for the waxy gene. In this same popu- 
lation the plants that furnished the heterozygous pollen for storage 
treatments were pollinated with homozygous waxy pollen, and the 
seeds from the butts and from the tips were separately classified. 
There were 118 of these ears, with a mean difference between butts 
and tips of 0.3 ±0.3 in the percentage of waxy seeds, the butts having 
the higher percentage. 

In the compaiison betw'een the percentage of waxy seeds in the 
butts and in the tips of stored and fresh pollen, not all of the ears 
examined came from identical pollen samples, for in some cases the 
fresh half of the pollen sample produced ears when the stored half 
failed, and in other cases the reverse was true. There were, however, 
17 cases where paired pollinations produced ears, one from the fresh 
and the other from the stored half of the pollen. Restricting the 
comparison of the percentage of waxy seeds in the butts and m the 
tips to these 17 pairs of ears, it is foimd that the percentage of w^axy 
seeds in the butts is higher than that in the tips in both lots of ears 
and that the difference between the differences is 1,6 ±0.9 percent, 
the greater difference being foimd where the ears resulted from the 
use of stored pollen. This is not a significant difference. 

If the differences observed in the bulk populations are due largely to 
reduction in pollen vitality by conditions operating during storage, 
it should be foxmd in this population that the ears with fewest seeds 
had the greatest differences between butts and tips in the percentage 
of waxy seeds. This relationship would not be veiy close, as many 
factors other than pollen vitality influence the total number of seeds 
produced on an ear. The product-moment coefficient of correlation 
between the number of seeds and the magnitude of the difference in 
percentage of waxy seeds betw^een butts and tips is found to be —0.245, 
indicating that, as the number of seeds increased, the percentage of 
waxy seeds in the butts and tips tended to reach equality. This 
coefficient, however, is not significant, P faUing between 0.1 and 0.05. 

In the bulk populations, it is found that in the group of 56 ears 
resulting from stored pollen there is a correlation of 0.701 ±0.046 
between the percentage of Avaxy seeds in the butts and that in the 
tips. In the group of 31 ears resulting from the use of fresh poUen 
this correlation is 0.628 ±0.075. In the group of 118 ears resulting 
from the use of homozygous waxy pollen on ears heterozygous for 
waxy, the correlation is — 0.017±0.062, Clearly, the relationship 
between the two halves of the ear in percentage of waxy is much 
closer where pollen is involved than where the distribution of seeds 
is determined by the formation of the ovules. 

Since in this material each main sample represented a single 
heterozygous plant, it might be argued that the plants differed with 
respect to the production of viable waxy pollen grains. It is more 
probable, however, that the viability of pollen was changed by some 
condition subsequent to anthesis. With stored pollen, whei*e an 
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artificial difference has been interposed between the several lots of 
pollen the intraclass correlation is marked. It should be borne in 
mind that in the two series of ears resulting from heterozygous pollen 
essentially the same plants are involved as poUen parents. The 
stored pollen was identical with that of fresh pollen insofar as it was 
possible to insm^e identity. However, it is equally clear that although 
the pollen samples were stored in the sunlight under as nearly identical 
conditions as possible some condition was present that served to 
differentiate the separate lots. 

Clearly something operates during storage that tends to make the 
ears poUmated by a subsample from a given lot of pollen more nearly 
alike than would be expected from chance alone. In other words 
the lots of stored pollen have become differentiated. Tliis coidd be 
explained on the assumption that the samples differed in moisture 
content at the time of collection, a condition that would have no 
eff'ect on the pollen used immediately but might be an important 
factor in its reaction to storage. IMany other explanations suggest 
themselves, e. g., that some lots contained more pollen than others, 
thus providing a variable pollen screen affording the^ lower layers a 
variable protection from the sun. Variation in quantity would have 
little effect on poUen applied immediately. Speculation as to the 
cause or causes underlying the observed differences in degree of 
intraclass correlation are futile, but the existence of these differences 
is further e^ndence that storage (whatever the factors involved) has 
a differential effect on these two sorts of pollen grains. 

DISCUSSION 

Although the storage experimeuts conducted vdth pollen samples 
from maize plants heterozygous for the waxy gene have not resulted 
in demonstrating any regularity of behavior of pollen grains, there 
is no question that the proportions of the two sorts of grains function- 
ing in fertihzation can be altered by external agencies. It is not 
possible to outline at this time a treatment of pollen that will produce 
a given percentage of waxy seeds, but it may be stated with certainty 
that exposum to light will usually result in an increased effectiveness 
of waxy pollen grains. Were it not for the results obtained with 
composite pollen samples in one season, a like conclusion could be 
reached wdth respect to heat treatments in the absence of light. As 
the data now stand, heat treatments may either increase or decrease 
the effectiveness of waxy pollen. Under the circumstances, it seems 
more logical to assume that some factor other than the treatments 
given caused the deficiency in the composite samples, in which case 
it might be assumed that heat in the absence of light also increases 
the effectiveness of waxy pollen grains. 

Whatever process takes place in the treated pollen grains it has 
been demonstrated that in some instances time can be substituted 
for light or heat, with similar results. The fact that storage in the 
dark at ordinary temperatures sometimes brings about an unequal 
functioning of the two sorts of grams points in the direction of an 
oxidation process that is speeded by illu m ination or liigh temperatures. 

Brink (5) has shown that the waxy carbohydrate has a lower dia- 
static activity than ordinary cornstarch, and in harmony with this 
finding Sprague {21) shows that pollen grains containing waxy starch 
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require more time for germination than do grains containing ordinary 
starch. If fresh waxy and horny pollen grains are appKed to stigmas 
in quantities far in excess of the number of ovules, the result of the 
differential rate of germination will be a deficiency of waxy seeds. 
How^ever, if small quantities of pollen were used the difference be- 
tween waxy and horny pollen in the time required for germination 
would not be reflected in the seed classes, since competition for ovules 
would be largely eliminated. 

If storage conditions operate merely to kill most of the pollen 
grains, then pollinations made with stored samples would in effect 
be made with greatly reduced numbers of effective grains and the 
two types of seed should approximate equality more nearly than when 
fresh pollen is used. 

To account for a deficiency of waxy seeds from the use of fresh 
pollen and an excess from the use of stored poUen, it has been sug- 
gested (12) that the two sorts of grains were not equally mature at 
anthesis (a condition that might also explain the difference in time 
required for their germination) and that before waxy grains have 
reached maturity death has begun to eliminate horny grains. 

Sprague^s experiments offer the possibility that the conditions of 
storage overcome whatever factors operate to delay germination of 
the waxy grains and that the rate of germination of grains of this 
type is actually accelerated beyond that of the horny grains. This 
explanation may be merely substituting germination for maturity, 
but its greater specificity makes it attractive. 

In this connection the experiments of Flmt (9) on the role of light 
in the germination of lettuce seeds are of interest. Flint shows that 
light in the red end of the spectrum is essential for germination in certain 
samples of seed and that any sample of lettuce seed can be made to 
require red light for germination by a short exposure to radiation in 
the blue end of the spectrum. 

Although it is a far cry from the germination of lettuce seeds to the 
differential functioning of two sorts of pollen grains of maize, it is 
quite possible that similar photochemical processes are involved. 
Flint^s work shows that the wave lengths affecting germination in 
lettuce are close to if not identical with those that affect the develop- 
ment of rancidity in oils and that these regions ol the spectrum have 
an important function in photosynthesis. 

It may be that the photochemical process which differentiates be- 
tween waxy and horny pollen grains is operating to oxidize fats, in 
wliich case the waxy gene must have an effect on the type or quantity 
of stored fats in addition to its well-recognized effect on the type of 
starch. 

The chief drawback to this hypothesis is found in the loss of 
vitality of stored pollen grains. That storage conditions do kiU most 
of the pollen grains harefly needs affirmation, but that the death rate 
differentiates between the two types of pollen can be inferred only 
from the results. 

Attempts to estimate the correlation of the loss in germinating 
power with the time of exposure to deleterious conditions by ger- 
minating pollen samples on excised silks have not been very success- 
ful, although the tests show clearly that vitality declmes. With 
uninjured pollen a casual inspection of silks a few minutes after 
pollination is enough to disclose many germinated grains, but wdth 
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treated pollen much hunting about may be required before a single 
germinated grain is found. Of course there is no method of distin- 
guishing the waxy from the horm^ grains in a heterozygous sample 
without destroying their vitality. It is, therefore, not possible to 
measure duectly any differential change in rate^ of germination 
between these two kinds of pollen grains that might result from 
storage. 

Information on this point is very limited, for germination tests of 
pollen were made simply to obtain an immediate check on the lethal 
effect of treatments. Pollinated silks were examined and records 
made as to whether or not germinated grains were found. If no such 
grains were discovered 15 minutes after pollination, another sample 
was examined in half an hour, and this scrutiny was resumed at half- 
hour intervals up to 3 hours. No effort was made to arrive at per- 
centages of germination, the records simply noting relative degrees 
of germination. These records do show, however, that some samples 
in which no germinated grains could be found after the first 15 
minutes did in fact have a few germinated grains after 2 hours. Such 
observations lend little support to the hypothesis that storage treat- 
ments accelerate germination. 

Although, in general, stored pollen showed less germinated grains 
than fresh pollen and a slower rate of germination, as measured by the 
elapsed time before germinated grains could be found, the method is 
not wholly satisfactory. In several cases good ears were produced 
with pollen shoving no germination on excised silks, and in other 
cases the reverse was true. 

Attempts to find a physical difterence between waxy and horny 
pollen grains were without success. This is rather surprising, as it 
seems improbable that such a distinctive chemical difference would 
not be reflected in some measm'e of size. Indeed, in the seeds a differ- 
ence is found in weight (waxy seeds being lighter), and since there is 
no difference in specific gravity waxy seeds are smaller in volume 
than horny seeds from the same ear (7). The difference in volume 
between these two sorts of seeds approximates 5 percent of the waxy 
seeds. Had a similar difference existed in the pollen grains it should 
have been disclosed in the tests with sieves and the micrometer 
measurements. The errors in the determinations of size of pollen 
grains were such that differences of the order of 3 percent could have 
been detected. 

Although it appears impossible to separate waxy from horny 
poUen grains by physical means, Alangelsdorf {16 ^ 17) has shown such 
separations to be possible vfitli other differentiating genes in maize, 
and the process may be a general one in constant operation. With 
the brief time required for the germination of maize pollen (21), 
even slight differences in size or specific gravity (which would affect 
the time of their deposition on the stigmas) might have selective 
importance. 

In the case of the waxy gene enough evidence has been presented 
to show that under certain adverse conditions this gene provides a 
survival factor for the pollen grains carrying it. There can be little 
doubt that^ under the proper conditions only waxy pollen grains 
would surmve to effect fertilization, and probably there are many 
other genes that condition similar reactions. With the enormous 
populations of pollen grains pro^dded by every corn plant, an oppor- 
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tunity is present for rigorous selection, although there is no evidence 
that the pollen grains survhdng unfavorable environments contribute 
unusual vigor to the resulting zygotes. 

SUMMARY AND CONCLUSIONS 

No differences in size, weight, or specific gravity were found 
between waxy and horny pollen grains. 

There is some evidence of a deficiency of functioning waxw pollen 
grains among the grains of smallest size." 

There is no evidence that waxy pollen grains are less mature when 
shed early in the morning than when released later in the day. 

Exposure of pollen grains from plants heterozygous for the waxy 
gene to direct sunlight for several hours increases the proportion of 
waxy grains that effect fertilization in those samples where this 
treatment is not lethal. 

Similar though more erratic results are obtained when such pollen 
is stored in the dark for 1 or 2 hours at temperatures exceeding 40^^ C. 

Exposure for 1 hour to artificial light of 0.1 the intensity of direct 
sunlight increases the proportion of waxy pollen grains that function 
in fertilization. 

There is some indication that storage at high temperature and also 
in oxygen reduces the proportion of waxy pollen grains that can effect 
fertilization, but since this result has been obtained only with a single 
composite pollen sample collected from many plants it is thought 
that the method of compounding the pollen, rather than the storage 
treatment, was the causal factor. 

The greatest change in the relative effectiveness of waxy pollen 
grains is found when pollen is exposed both to high temperatures and 
to light. 

Storage in the dark at low temperatures (10'^ C.) produces no 
measurable effect. 

Pollen samples collected from indixidual plants were found to 
react differently to the several treatments. 

Pollen collected in the afternoon and applied the following morning 
showed no change in the relative effectiveness of waxy and horny 
grains. 

Pollen collected in the morning and held in the dark for 24 hours at 
room temperature occasionally showed an increased effectiveness of 
the waxy grains. 

When stored pollen is used the percentage of waxy seeds is higher 
in the butts than in the tips of the ears, indicating a relative reduction 
in the vitality of horny pollen grains. 

A single population was obtamed that showed conclusively an effect 
of the female parent on the behavior of pollen grains subjected to 
storage. The source of pollen was the same for all ears, and the ears 
resulting from the use of fresh pollen had similar percentages of waxy 
seeds, aU slightly in defect of equality. In one of the groups of ears 
resulting from the use of stored pollen, the percentage of waxy seeds 
was less than that obtained with fresh pollen, whereas in the other 
group of ears stored pollen resulted in a higher percentage of waxy 
seeds than was obtained with fresh pollen. 
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WIDESPREAD OCCURRENCE AND ORIGIN OF PATUOIDS 
IN FULGHUM OATS^ 

By F. A. Coffman, associate agronomist, and J. W. Taylor, associate agronomist, 
''Division of Cereal Cro'ps and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 

Fatuoids in oats (Avena L.) have been recognized for about 50 
years (13, 20y and have been of especial interest for more than 25 
years because of (1) their economic importance and (2) the nature 
of their origin. At present there is more interest in the fatuoid than 
in any other aberrant in the small grains. The fatuoid, or false vild 
oat, usually is similar to the variety in which it occurs and is character- 
ized by lemmas having awns and basal characters similar to the 
lemmas of A.Jatua L. 

The present paper is a further report on a study by the writers (d) 
to show the distribution of the fatuoid in the Fulghmn variety and 
the role played by natural crossing in the occmTence of fatuoids. 
Fulghum was chosen because it is generally recognized as containing 
more fatuoids than an 3 r other agriculturally important American oat 
varietv. 

REVIEW OF LITERATURE 

The possibility of fatuoids becoming economic weeds, such as 
Avena fatua, has been mentioned by several investigators (8, 28) as 
well as in press dispatches. The origin of fatuoids is commonly 
attributed either to natural crossing (I, 29, 30, 31, 32, 33) or to a 
form of mutation (3, 6, 6, 8, 9, 10, 14, 15, 16, 17, 18, 19, 22, 23, 24, 25). 
Since 1907 the mutation theory has gained many adherents and the 
natural crossing but few. However, in 1929, Tschermak (31), after 
more than 15 years of study of the problem, asks proof from the 
mutationists as to the purity of their populations. That Tschermak 
has grounds for questioning the purity of an open-pollinated oat 
population is known from natural-crossing studies (11, 12, 27). In 
addition, Coffman and Wiebe (4) have observed examples of apparently 
natural crossing between A, sativa and A. fatua, and Aamodt, Johnson, 
and Manson (1 ) have conducted extensive studies of natural crossing 
between these two species. 

The results of inheritance studies so far reported indicate that 
fatuoids are recessive to normal oats, usually by a single-factor dif- 
ference. The writers have observed this to be true in crosses of the 
common, or ‘hA type”, fatuoid in Fulghum with varieties of either 
Avena sativa L. or A. byzantina C. Koch. The intermediate and 
normal forms are inseparable in some crosses. 

1 Received for publication Sept 16, 1935; issued March 1936. 

2 Reference is made by number (italic) to Literature Cited, p. 130. 
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PREVALENCE OF FATUOIDS 

The cultivated red oat (Avena by 2 antina), to which Fulghum 
belongs, is considered by Coffman, Parker, and Quisenberry {2)^ to be 
a derivative of A. sterilis L., and at least two varieties belonging to 
that species, namely, Burt and Fulghum, contain many diverse 
forms, the origin of which is difficult to explain. The difficulty in 
obtaining true-breeding Fulghum has been reported by Stadler and 
Kdrkpatrick {26), Parker, as reported by Farrell (7), and others. 
Progenies of single Fulghum panicles frequently contain fatuoids 2 
or 3 years after selection, and possibly no selection of extensively 
grovm Fulghum is free from fatuoids. 

The information on the prevalence of fatuoids presented in table 1 
was obtained at 28 experiment stations in 17 States of the United 



States (1) by questionnaires sent to experiment stations, (2) by 
examination of seed samples of Fulghum oats received from these 
stations, (3) by growing and observing plants grown from this seed 
at Arlington Experiment Farm, Rosslyn, Va., and (4) by observations 
made at the experiment stations themselves. As shown in figure 1, 
stations in all of the important Fulghum-producing States were 
included in this survey. 

In 19 of the 25 samples of seed received from 18 stations, including 
Arlington Farm, fatuoids were foimd ranging from 0 to 12 per 2,000 
kernels counted and averaging 0.11 percent for the 50,000 kernels 
examined. 

When these seed samples were sown in plots in 1930, it was observed 
that 20 of the 25 seed samples produced some fatuoid plants. The 
number ranged from 0 to 9 per 2,000 individuals and averaged 0.22 
percent in the 41,022 plants observed. The following year a second 
seeding was grown from 20 of these 25 samples. Progeny from 8 of 
these samples contained fatuoids, ranging from 0 to 0.67 percent per 
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plot. Poor germination resulted in thin stands, but, among 11,924 
plants examined, 16, or 0.13 percent, were fatuoids. 

Table 1 . — Summary of data on occurrence of fatuoids in Fulghum oats at various 
experiment stations during several seasons 



Sta- 

tions 

repre- 

sented 

Sam- 

ples 

sub- 

mitted 

Reports or observa- 
tions on— 

Indi- 




Item 

Fatu- 

oids 

present 

Fatu- 

oids 

absent 

Total 

viduals 

exam- 

ined 

Fatuoids found 

Questionnaires - 

Num- 

ber 

17 

Num- 

ber 

Num- 

ber 

13 

Num- 

ber 

4 

Num- 

ber 

17 

Num- 

ber 

Num- 

ber 

Per- 
cent 1 

Per- 
cent 2 









Seed samples: 

Fall-sown 

8 

12 




24, 000 
26, 000 

22 

0.092 

127 


Spring-sown 

10 

13 




33 







Total 

18 

25 

19 

6 

25 

50, 000 

55 

. 110 

0-0 60 



Plants grown: 

Arlington Experiment Farm, 
1930: 3 

Fall-sown 

8 

1 

j 

12 




18,734 ' 
22,288 

37 

.198 


Spring-sown 

10 

13 






52 

.233 







Total 

18 

25 

20 

6 

25 

41,022 

89 

.217 

.134 

0- 45 

Arlington Experiment Farm, 
1931. < 

Experiment stations, 1931:5 
Fall-sown. 

8 

12 

20 

n,924 1 

16 

0- . 67 





14 

14 




12,800 

3,500 

42 

.328 


Spring-sown. - 

4 

4 




2^ 

,629 










Total 

18 

18 

18 

0 

18 

16,300 

j M 

,393 

10- 90 




Total fall-sown ® - 






55, 534 
51,788 

101 

.182 


Total spring-sown ^ 






107 

.207 









Grand total 5 






119, 246 

224 

.187 




1 





1 Average. 

2 Range. 

3 25 samples of seed from 18 experiment stations (including Arlmgton) rvere sown at the Arlington Experi- 
ment Earm, Rosslyn, Va. 

* Second seedmg of 20 of the seed samples made at Arlmgton Experiment Farm 
® Independent observations made at 18 southern experiment stations. 

® Includes fall-sown seed and plants 
’ Includes spring-sown seed and plants. 

« Includes total fall-sown, total spring-sown, and plants grown at Rosslyn, Va , in 1931. 


Observations made on 18 southern experiment stations in the 
summer of 1931 disclosed the presence of fatuoids at all stations. 
The number ranged from 1 to 9 per 1,000 individuals and averaged 
0.39 percent of the 16,300 plants examined. 

As a result of several years^ studies it was found that a few fatuoids 
were present in Fulghum at all 28 stations in 17 States; that they were 
not more prevalent in fall-sown than in spring-sown oat areas; and 
that the number never equaled 1 percent at any station and averaged 
only 0,19 percent in 119,246 individual seeds or plants. It may be 
concluded, therefore, that fatuoids are not now weeds in the United 
States, nor are they likely to become weeds under present cultural 
conditions. 

ORIGIN OF FATUOIDS 

CONSTANCY OF FULGHUM WHEN SELFED 

Selfing studies were conducted to measure the importance of natural 
crossing on the constancy of Fulghum and fatuoids. Individual pan- 
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ides were enclosed in glassine bags before flowering and the progenies 
from such panicles were grown. 

Results from selfing studies begun in 1927 on Fulghum are presented 
in table 2. In 1927, 97 Fulghum plants were selfed. These furnished 
material for later studies. The number of progenies in which no 
fatuoids occurred after 1, 2, 3, and 5 years of selfing, respectively, were 
asfoflows: In 192S, 300; in 1929, 220; in 1930, 216; in 1932, 88. How- 
ever, of 930 Fulghum individuals grown in 1931, the progeny of 4 years 
of selfing, 3 were homozygous fatuoids. In 1,754 individuals produced 
in 5 years, 3, or 0.2 percent, were fatuoids. 

The infrequent occurrence of fatuoids indicated that larger popula- 
tions were desirable, and therefore Fulghum lines open-pollinated for 
a single season after previous bagging were grown a second year. 

No fatuoids due to natirral crossing would be expected in Fulghum 
hues open-poihnated for but 1 year, as the fatuoid is recessive to 
Fulghum. 


Table 2. — Occurrence of aberrant individuals %n self- and open-pollinated Fulghum 
oats at Arlington Experiment Farm, Eosslyn, T'a., in the years 1928-32 


Year evanuned i 

Normal (previously selfed) 2 

Fatuoid progeny plants 

Parent 

plant'? 

Progeny plants 

Previously selfed 

Previously open- 
pollinated 

Total 

Fatuoids 

Total 

Aberrant 

Total 

Aberrant 


Kum- 

Sum- 

Num- 

Per- 

Nam- 

Num- 

Per 

Num- 

Num- 

Per 


her 

ber 

ber 

cent 

ber 

ber 

cent 

ber 

ber 

cent 

1928 - 

20 

300 

0 

0 0 

340 

0 

0 

1,402 

16 

1 14 

1929 

9 

220 

0 

.0 

105 

0 

0 

132 

2 

1 51 

1930 1 

10 

216 

0 

0 

422 

0 

0 

162 

5 

3 09 

1931 i 

98 

930 

3 

.3 

168 

0 

0 

676 

46 

6 SO 

1932 ^ 

8 

8S 

0 

0 

21 

0 

0 

587 

275 

46 85 

Total 

H5 

1,754 

3 

.2 

1, 056 

0 

0 

2, 959 

344 

11.6 


’ Aberrances observed are the result of mutations or natural crosses that occurred the previous year. 
2 Less than 0 5 percent of aberrant plants were observed m the open-pollmatod Fulghum. 


In 1930 there were growm 1,198 progeny individuals, the parents of 
which had been bagged for two generations, i. e., 1927 and 1928, but 
had been open-pollinated in 1929. In 1931 there were grown 9,856 
progeny individuals, the parents of which had been bagged in 1927, 
1928, and 1929 but had been open-pollinated in 1930. Six fatuoids 
were observed in the 1,198 individuals produced in 1930, and 20 in 
1931, a total of 26, or 0.2 percent, in the 11,054 plants. The 1,198 
progeny plants produced in 1930 were from head-to-row seedings 
and 6 of the rows contained fatuoids. In 1931 a progeny row was 
grown of each individual in these 6 rows and the resulting test proved 
that the 6 strains were similar in breeding behavior to Fa populations 
of a cross of normal X fatuoid which differed by a single factor. As 
natui'al crossing was excluded by selfing in 1928, it is apparent that 
chromosomal irregularities occurred that year, giving in 1929 the 
intermediate type that segregated in 1930. 

AU six mutations observed in J930 apparently were to the inter- 
mediate form, although Marquand {21) and Huskins {17) have report- 
ed the observation of mutation direct to the homozygous form. This 
latter is possible when aberration occui's in both the male and the 
female sex cells that foiun the zygote. 
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However, if fatuoids arise only by mutation and 0.2 percent of 
these aberrances occui' in a population, it would theoretically require 
15,625 individuals for the mutation to occiu' directly to the homozy- 
gous form, whereas mutation to the heterozygous form would occur 
once in each 125 individuals. 

CONSTANCY OF THE FATUOID 

It has been reported that the Fulghum fatuoid does not always breed 
true (7, £8). Plants of fatuoids were selfed to test their behavior 
under controlled pollination. Progenies were grown from the selfed 
fatuoid panicles as follows; 340 in 1928, 105 in 1929, 422 in 1930, 
168 in 1931, and 21 in 1932. The progeny of aU these 1,056 bagged 
fatuoids bred true. 

In addition to the selJhng studies, progenies from fatuoids of the 
same lines were grown open-pollinated. Adjacent to the fatuoid 
lines were rows of Fulghum and Black Mesdag. The Fi of a natural 
cross of these varieties on the fatuoid is easdy recognized by the 
dominance of then characters. Intermediate or Fi plants were 
observed as follows: In 1928, 16 of 1,402; in 1929, 2 of 132; in 1930, 
5 of 162; in 1931, 46 of 676: and in 1932, 275 of 587. Of 2,959 indi- 
viduals, 344, or an average of 11.6 percent, apparently w^ere crosses. 
In 1932, more than 46.8 percent of the progeny of open-pollinated 
fatuoids apparently were crosses. Therefore, it may be stated that 
the common or A type fatuoid in Fulghum shows a Ya.ryiiig tendency 
to be cross-pollinated unless foreign poUen is excluded. 

The high frequency of cross-pollination in Fulghum fatuoids is 
striking when compared with the low frequency in normal Fulghum. 
Less than 1 percent of cross-pollination was observed in the normal 
Fulghum in these experiments as compared with an average of 11.6 
percent and a maximum of nearly 47 percent in the fatuoids in a 
single season. Of course, factoids of climate and soil may influence 
poUination. 

VIGOR OF THE FATUOID 

Several investigators have stated that there was little difference in 
vigor between the normal and the A type Fulghum fatuoid. The data 
in tables 3 and 4 indicate that plants of fatuoid Fulghum are shorter 
than those of normal Fulghum and bear more than twice as many 
infertile florets. The average height of the fatuoids was 38.8 ±0.06 
inches; of the intermediate fatuoids, 40.6 ±0.06 inches; and of the 
apparently normal plants, 40.7 ± 0.09 inches. It is not always possible 
to differentiate the intermediate fatuoid from the normal plant. 

Table 3. — Relative height of normalj inter ynediate, and fatuoid Fulghum plants in 

segregating populations 


Type of plant 

Plants 

Height of plant 

Tillers per 
plant 

Normal 

Number 

136 

249 

107 

Inches 

40.7d=0 0!=55 1 
40.6=b .062 1 
38. 8± 064 1 

1 

Number 

3. 5±0 069 
3.9± .061 
4.0± .124 

Intermediate i . 

Fatuoid ' 



1 It is often difficult to separate intermediate and normal forms. 
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Table 4. — Relative fertility of florets on open-pollinated, primary, secondary, and 
self-pjollinated panicles of normal and fat uoid Fulghurn oais, 1927-31 


Florets on normal namcles of md^c^ted | Florets on fatuoid panicle-' of indicated 
type I pe 


Crop year 

j Primary 

1 

Secondary 

Selfed • 

Prim iry 

Secondary 

Selfed I 


: Total 

Ster- 

ile 

Total 

Ster- 

ile 

Total 

‘^^ter- 

ile 

Total 

Ster- 

ile 

Total 

Ster- 

ile 

Total 

Ster- 

ile 


1 A'um- 

Per- 

Num- 

Per- 

Xum- 

Per- 

Num- 

Per- 

Num- 

Per- 

Num- 

Per- 


i ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

1927 

1 2,329 

5 8 

1.236 

16 7 

751 

30 2 

1,345 

11 5 

1,330 

35 7 

2, 236 

43 9 

192S- 

1 4S2 

19 7 

.610 

2$ 4 

3:38 

29 6 

162 

51 2 

493 

75.3 

879 

49 1 

1929 

i 603 

7 8 

143 

IS 9 

371 

33 2 

302 

34 1 

167 

5S 1 

621 

74 4 

1930 

-1 340 ' 

9 4 

220 1 

30 5 1 

805 1 

1 34 S 

i 103 

41 7 

117 

29 1 

978 

77 2 

1931 

-! ! 

7 0 

14.6 ; 

49 7 ! 

I 231 1 

1 44 6 

1 149 ! 

25 5 

407 

52 1 

353 

83 6 

Total or weighted 
average 

i j 

1 3.895 ' 

S 2 

! 2.254 1 

23 0 j 



2,496 

i 1 

‘ 1 

i 33 4 ! 

2,061 i 

20 5 

1 

2,514 1 

1 

47 3 

5,007 

57 7 


- Panicles of primary type 


In the fatuoid and the apparently normal Fnlghum plants, 20.5 
and 8.2 percent, respectively, of the florets of primary panicles were 
sterile. In both types of plants more than twice as many florets 
were sterile in secondary panicles as were sterile in primary panicles. 
Also, more than twice as many florets were sterile in the primary and 
secondary panicles of the fatuoid plants as were sterile in these re- 
spective panicle types in the normal Fulghurn. This high percentage 
of sterihty in fatuoids probably is one reason why Fulghurn fatuoids 
cross-fertilize so frequently and often do not breed true when open- 
pollinated. 

Data obtained on Black Mesdag, grown to compare its fertility 
with that of Fulghurn and the fatuoids, indicated that bagging did 
not seriously impair fertilization in this Arena sativa variety. Data 
were obtained in each of 4 years. Of a total of 1,563 florets on pri- 
mary and 647 on secondary panicles, an average of 21.6 and 41.7 per- 
cent of the florets were sterile on the primary and secondary panicles, 
respectively. ^ The range in sterility was from 2.7 percent in 1931 to 
34.3 percent in 1930 in the primary and from 13.6 in 1929 to 77.0 
percent in 1930 in the secondary panicles. Panicles were bagged in 
1928 and 1930. An average of 19 percent of 667 florets were sterile, 
i. e., 14.3 percent in 1928 and 20,8 percent in 1930. 

The fact that fatuoids appear to be slightly less vigorous than 
normal Fulghurn plants probably explains the observed decrease in 
the number of fatuoids in fall-sown Fulghurn and Kanota varietal 
plots grown at Arlington E:q)eriment Farm. At probably no experi- 
ment station included in this study are Fulghurn and Kanota grown 
from fall seeding under conditions so apt to result in winter-ldlling as 
at Arlington Farm. The decrease in the number of fatuoids to the one- 
fortieth-acre plot is indicated by the data in table 5. No data are 
available on the number of plants per plot, but the trend seems to be 
very pronounced. 
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Table 5. — Occurrence of fatuoids in Kanota and Fulghum oats grown at Ailtngion 
^ Experiment Farm, Rosslyn, Va.,from seed received from Kansas 


Variety 

Date 

intro- 

duced 

Fatuoids per Mo-acre plot in— 

1923 

1926 

1927 

192S 

1929 

Kanota - 

Fulghum - . 

1922 

1<»25 

Number 
20 0 

Nu. mbcr 

0 8 
14 fl 

Number 
1.0 
15 0 

Nu mber 

ll 

X urn ter 

1 7 

1 7 






SUMMARY AND CONCLUSIONS 

Interest in fatuoids apparently has existed for 50 years and con- 
troversy as to their origin for more than 25 years. Of the two 
explanations offered for their origin, that of mutation is more widely 
accepted than that of natural crossing between Avena jatua and 
cultivated oats. 

Fatuoids were present in Fulghum oats at 28 experiment stations in 
17 States of the United States and were not more numerous in the 
fall-sown than in the spring-sown oat areas. They were nowhere 
sufficiently numerous to be an economic factor as w^eeds. They 
constituted less than 1 percent of any population of Fulghum oats 
examined. Fatuoids are detrimental chiefly because their presence 
may discredit otherwise promising oat strains or seed samples. 

Approximately 0.2 percent of fatuoids appeared spontaneously in 
lines of normal Fulghum that had been self-poUinated for four 
generations. In all cases the mutation apparently occurred to the 
intermediate type, resulting, in the following generation, in the 
production of fatuoid and normal plants in a ratio of 1 : 3. When 
selfed, the Fulghum fatuoid bred true. 

Theoretically, the mutation occurred to the intermediate form once 
in 125 individuals. Mutation to the homozygous form would be 
expected to occur once in 15,625 individuals. 

Data obtained from 5 years' study show that when the fatuoid was 
open-poUinated it w^as cross-fertilized on an average 11.6 percent 
and that a maximum of nearly 47 percent of cross-fertilization 
occurred in a single season. Under similar conditions, normal 
Fulghiun, recognized as being relatively subject to natural crossing, 
contained less than 0.5 percent of crosses in any season. 

The data indicate that the ordinary or A type fatuoid in Fulghum 
is less “vagorous and more readily cross-fertilized than is the normal 
plant. This may partly account for the susceptibility of the fatuoid 
to cross-poUination and may be considered evidence that the persist- 
ence of fatuoids in normal oats is due in part to natural crossing. 

Covering the panicles with glassine paper bags to prevent cross- 
pollination reduced fertility in all cases. The percentage of decrease 
was least in Black Mesdag and greatest in the fatuoid. 

Fatuoids of the common or A type are slightly less vigorous than 
are normal Fulghum plants. This may explain the apparent reduc- 
tion in number of fatuoids per plot of Fulghum grown on Arlington 
Experiment Farm from fall seeding. 

50929- 36 4 
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THE RELATIONSHIP OF THE PHOSPHATE CONCENTRA- 
TION OP SOLUTION CULTURES TO THE TYPE AND SIZE 
OF ROOT SYSTEMS AND THE TIME OF MATURITY OF 
CERTAIN PLANTS ' 

By Anna L. Sommer 

Associate soil chemist, Department of Agronomy ayid Soils, Alabama Agricultural 

Experiment Station 

INTRODUCTION 

In an extended study of the nutrition of plants, a number of obser- 
vations and studies may be made, definite results can be obtained, 
and conclusions drawn on some of them long before the work is con- 
cluded. In such a study on phosphorus nutrition three phases have 
already given rather definite results and it is deemed weU to report 
them before the project is concluded. They are as follows: (1) The 
interrelationship between the size and type of root system, the phos- 
phate concentration, and the amount of growth; (2) the size of root 
system as affected by the concentration of phosphate in the nutrient 
medium; and (3) the effect of different phosphate concentrations on 
the time of maturity. 

For the piu’pose of these investigations plants of various kinds were 
grown in a series of tanks containing solutions with phosphate con- 
centrations maintained at various constant levels. These cultures 
demonstrated that, all other conditions being the same, the minimum 
concentration for satisfactory growth varied with the kind of plant. 
The reason for such a difference may be either that one kind of plant 
may requne a greater phosphate concentration in its nutrient media 
because of a difference in the amount necessary for physiological 
activities, or there may be a difference in the rate at which the root 
systems absorb the necessary ion, or both. Observations indicated 
that the type and extent of the root system might be an important 
factor. Experiments, therefore, were carried out to determine whether 
a relatively high concentration of phosphate was not often necessary, 
on accoimt of the small extent of surface exposed, to supply the ion 
at a rate sufficiently rapid for satisfactory growth. 

Observations on the root systems of the plants grown m these 
solutions indicated that higher phosphate concentrations did not 
stimulate root development, that is, did not cause a greater per- 
centage increase for the roots than for the tops. Most studies in 
the past on the effect of phosphate on root systems took into con- 
sideration only increases in root weight and did not compare these 
increases with those of the tops. If the relative increase of the tops 
is as great as, or greater than that of the roots, a considerable part of 
the increase in the size of the roots of plants grown at higher phosphate 
concentrations may be due to the greater amount of food synthesized. 
Studies were therefore made in which the root-top ratio (weight) 
instead of absolute weights was taken as the criterion to determine 
whether or not phosphate actually stimulated root development. 

1 Received for publication June 5, 1935; issued March 1936. 
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Observations that a number of plants in solutions of low phosphate 
concentrations matured earlier than those in solutions of higher 
phosphate concentration led to a study of the effect of phosphate 
concentration on the time of maturity. The results of the study are 
reported herein. 

PROCEDURE 

The following plants were used in the experiments: Peas, buck- 
wheat, corn, tomatoes, w^heat, and cotton. 

All plants w^ere grown in solutions in l, 0004 iter galvanized-iron 
tanks. These tanks were 4 feet in diameter and w^ere coated on the 
inside with asphalt paint. The original composition of the solutions 
was the same for all constituents excepting monobasic potassium 
phosphate- The initial solution w^as made up as follows: 


Grams per 
1,000 liters 

Salts* water 

"kxOa 400 

CaS 04 . 2 H ,0 250 

MgSO4.7H20 150 

M 11 SO 4 . 2 H 2 O 3. 5 

H 3 BO 3 3. 5 


Phosphate determinations on samples filtered through hardened 
filter paper were made at least once daily, and PO4 as KH2PO4 was 
added to maintain the desired concentrations, vaiying in these 
experiments from 0 to 12.8 p. p. m. A continuous current of am 
w^as used to agitate the solutions so that the PO4 concentration would 
be uniform throughout the container. Twenty-five grams of hepta- 
hydrate ferrous sulphate (FeS04.7H20) w^ere added (usually once a 
W’eek) throughout the experiments. It was sometimes necessary 
during the early stages of growTh to add the non a little more fre- 
quently to maintain a good green color of the plants. The current of 
air w’as discontinued after the addition of the iron for a period of 
about 20 hours to prevent the rapid oxidation of ferrous to ferric iron. 
The iron precipitated the PO4 almost completely so that during a 
period of 24 hours there was practically no PO4 in solution. The 
current of air was started a few hours befoi’e the PO4 was again added 
to oxidize the remaining ferrous iron to the ferric form so that the 
difference in the solubility of ferrous and ferric phosphate would not 
be a factor with which to reckon when restoring the PO4 concentra- 
tion. Since much of the iron was precipitated as the oxide and the 
solution tended to become acid, 25 grams of calcium carbonate were 
added w^hen aeration was resumed. The addition of the calcium 
carbonate also helped in the ease with which the PO4 concentration 
was reestablished by aiding in the precipitation of the iron. There 
w^as always undissolved calcium carbonate at the bottom of the tanks. 

An excess of all nutrients excepting PO4 was maintained. In most 
cases the plants w^ere moved in rotation to the various tanks. This 
w^as done weekly just before the PO4 concentration was restored. In 
other cases nutrient salts were added to the cultures that had grown 
sufficiently large to cause considerable decrease in the concentration 
of these salts. 

The^ plants were supported by corks (one plant per cork) which 
fitted in holes in the tops of the containers. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

THE INTERRELATION BETWEEN THE SIZE AND TYPE OF ROOT SYSTEM, THE 
PHOSPHATE CONCENTRATION, AND THE AMOUNT OF GROWTH 

Two types of experiments were carried out in the study of the 
relationship of the size and type of root system to the minimum PO4 
concentration necessary for satisfactory growth. In both types differ- 
ent kinds of plants were grown in the same containers in wliich the 
PO4 concentrations of the solutions were maintained at various levels. 
In the first type a study was made of the relative size of the surface 
of the roots as compared with the growth of the plants. In the sec- 
ond type the PO4 concentration of the expressed juice of the stems 
betw^een the roots and the cotyledons w^as determined to ascertain 
whether it, and therefore the rate of supply of phosphorus to the 
plant, was proportional to the surface of the roots exposed to the 
culture solution. 

Eight plants each of wheat, peas, buckw^heat, corn, tomatoes, and 
cotton were transferred to each of four containers. The phosphate 
concentration in two of the tanks was maintained at 0.1 p. p. m. and 
in the other two at 0.8 p. p. m. These concentrations were chosen 
because previous experiments had shown that none of these plants 
made maximum growTh in solutions in which the phosphate concen- 
tration w^as maintained at 0.1 p. p. m. but showed great differences 
at this concentration, and because all plants made good growth at 
0.8 p. p. m. although some of them did not make maximum growTh. 
The seeds of all plants were germinated at the same time, and all 
seedlings excepting the tomatoes w^ere transferred to the culture 
solutions on the same day. The tomato plants w’-ere too small at 
that time and were therefore not set out until 3 days later. 

Since there is no accurate way of measuring the surface of roots, 
all comparisons were a matter of judgment and photographs are the 
only evidence presented. 

Photographs were taken after the plants had been growing in solu- 
tions 23 days. In order to show their structure, the plants w^ere 
placed on a tray under water while they w^ere being photographed. 
The roots appear dark in the photographs because of the ferric oxide 
deposited on them. The ferric oxide precipitate greatly increased the 
visibility of the root hairs; and where they are numerous, they appear 
on the photographs as dark patches with hazy outlines. The roots 
of plants growm in solutions of low PO4 concentration (0.1 p. p. m.) 
are shown in figure 1. Figures 2, 3 , and 4 , show the comparative 
size of plants growm in solutions with PO4 concentrations of 0.1 and 
0.8 p. p. m. 

The root-top ratio (apparent surface of the roots as compared with 
the size of the tops) arranged in descending order for the plants grown 
in the solutions having a PO4 concentration of 0.1 p. p. m. is as follows: 
Wheat, buckwheat, peas, tomatoes, corn, and cotton. For a con- 
centration of 0.8 p. p, m., the order was the same, with the exception 
of the tomato plants which grew the least. Root haii’s on the wheat 
and buckwheat were by far the most numerous, those on tomatoes 
came next, thus making the order of size of root surface of these 
plants as compared with that of the peas rather doubtful since the 
peas had very few root hairs. No root hairs were found on the corn 
and cotton 
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One group of four tomato plants became shaded by the com during 
the latter part of the experiment. These plants then began to make 
rapid growth and when harvested were much larger than the other 
tomato plants in the same container and those in the other container 
of the same phosphate concentration. 

The difference in growth of different kinds of plants grown in the 
same kind of solution with varying PO4 concentrations is shown in 
figure 5 and in table 5. The plants shown in figure 5 were transferred 
to the experimental solution in the cotyledon stage at the same time. 
A PO4 concentration of 0.2 p. p. m. was maintained. 

In the second type of experiments, cotton, buckwheat, and tomato 
plants were used in the studies of the relative rate at which the roots 



Fiouee 4. Cotton (-4 and B) and tomato plants (Cand D) grown m solutions with PO4 concentrations 
of 0 1 and B) and 08 p p. m (.4 and C). 

of different plants supply PO4, because cotton requires a relatively 
high. PO4 concentration for good growth, whereas the other two plants 
grow well at much lower concentrations, and because these plants 
could be divided into comparable parts for analyses. In the first 
experiment two crops of buckwheat were grown in the same containers 
with cotton plants on which a_ study was being made to determine 
the minimum PO4 concentration necessary for maximum growth. 
Earlier experiments indicated that good growth of cotton could not be 
obtained at concentrations below 0.8 p. p. m. This was therefore 
the lowest concentration used in this experiment. Solutions of two 
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other PO4 concentrations, 3.2 and 12.8 p. p. m., were included. After 
the cotton had been growing in the containers for 28 days, the first 
crop of buckwheat was set out (in the cotyledon stage) and allowed 
to grow for 10 days when it was harvested and a second lot (also in 
the cotyledon stage) was placed in the solutions for the same length of 
time. At each buckwheat harvest some of the cotton plants were also 
harvested. The stems of both kinds of plants between the roots and 



Figure 5 . — Three tomato plants and cotton plants of the same age grown m solutions with a POi concen- 
tration of 0 2 p p m. 


cotyledons were frozen for phosphorus determinations of the expressed 
juice, and the young leaves were dried and analyzed for phosphorus. 

In a second experiment PO4 concentrations vrere maintained at 
0.2, 0.4, 0.8, and 3.2 p. p. m. These concentrations included those 
at which very little growth of cotton was made and above which 
greater growth was not obtained. A crop of buckwheat was grown 
with the cotton as in the preceding experiment and when harvested 
tomato plants were substituted. The tomato plants were allowed to 
grow for 25 days when they were harvested with the remaining cotton 
plants. At this time there were not enough cotton plants left in solu- 
tion of 0.2 p. p. m. for analyses and the tomato plants growing in 
solutions of higher PO4 concentrations were so shaded by the rapidly 
growing cotton plants that they vrere discarded . Analyses were made 
as in the preceding experiment. 
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In a third experiment cotton and tomato plants were germinated 
and transferred to the containers at the same time. Phosphate con- 
centrations of 0.2 and 3.2 p. p. m. were maintained. Some of both 
kinds of plants were harvested for analyses at the end of 21, 29 , and 
46 days. 

There was considerable difference in the amount of growth made 
by the tomato plants at low PO4 concentrations in the last two experi- 
ments. The weather was cloudy most of the time during the growth 
of the plants in the second experiment, and the tomato plants in the 
solutions with a low PO4 concentration appeared to make as ropid 
growth as those in solutions of higher PO4 concentrations. Clear 
weather prevailed during the first few weeks of growth of the plants 
of the third experiment; the tomato plants at low PO4 concentrations 
made poor growth and had the deep purple color that develops when 
phosphorus is deficient. Cloudy weather began 12 days after the 
second harvest. The tomato plants in solutions with a phosphate 
concentration of 0.2 p. p. m. inmiediately began to make rapid grow th, 
w’ater of guttation appeared the morning after each cloudy day, and 
the new" grow"th w^as not purple. 

The results of these experiments are shown in table 1. 'With one 
exception the amount of phosphorus in the expressed juice of the 
buckwdieat stems w"as considerably greater than that of the cotton 
stems. In this exceptional case the buckwdieat for the last days was 
shaded by the rapidly growing cotton. "WTiere the tomato plants 
w’ere making good growth, in solutions of both high and low" PO4 
concentration, the results w^ere similar to those of the buckwheat 
but those tomato plants that w-ere making poor grow"th at low" PO4 
concentrations had less PO4 in the expressed juice of the stems than 
did the cotton. "Where the amoimt of phosphorus in the expressed 
juice of the stems w^as less for the tomato plants than for the cotton, 
the plants had been transferred to the culture solutions and had 
growm in sunny w^eather. Plants of the same group which were 
harvested after 46 days and w"hich w"ere harvested after a number of 
cloudy days contained more phosphorus than did the cotton harvested 
at the same time. 

There appeal's to be some factor wdiich, under conditions of bright 
sunlight and low" PO4 concentration, decreases phosphate absorption 
for the tomato plant. Where the light intensity W"as sufficiently low 
the amount of grow"th of the tomato plant w-as that wdiich would be 
expected for a plant with such a root system at low- PO4 concentrations. 

Further evidence of the difference in the PO4 concentration neces- 
sary for the good grow"th of tomato plants under different light con- 
ditions w"as obtained in another experiment. One group of plants 
growm for the first few" W"eeks in cloudy w^eather in a solution with a 
PO4 concentration of 0.1 p. p. m. made better growth than did plants 
groivn during sunny weather in solutions with a PO4 concentration 
of 0.2 p . p. m. Varying w"eather conditions appeared to cause different 
rates of growth for the plants growdng in solutions with a PO4 con- 
centration of 0.1 p. p. m. After the first few weeks of cloudy W"eather 
there were about 2 weeks in which sunny w-eather predominated . The 
tomato plants appeared to stop grow'ing, and a purple coloration 
began to appear. After a day or two of cloudy w^eather, water of 
guttation again appeared and growth was resumed. 
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Table 1. — Phosphorus in the expressed juice of stems and in young leaves of cotton, 
buckwheat, and tomato plants grown in cultures of various phosphate concentra- 
tions 


POi concentration m parts 
per million and experi- 
ment no 5 

Phosphorus in expressed 
juice of stems 

1 Phosphorus 

Total 

m youm 

; leaves (dry weight) 

Soluble 

Cotton j 

Buck- 

wheat 

Tomato 

Cotton 

Buck- 

wheat 

Tomato 

Cotton 

' Buck- 
wheat 

Tomato 

0 2 

Percent 

Percent 

Percent 

Percent] 

Percent 

[Percent 

Percent 

\peTcent 

Percent 

3 

0 0035 

0 019 


0 40 

0 80 


1 0 15 

1 0 58 



0033 


0 0021 

44 , 


6 42 

1 065 


0 057 


0046 


0025 

45 


44 


i:;:::;:: 

' IS 

-// 

. 0030 

■ - 

.0042 j 

25 j 


65 

14 

L-. _ 

22 

0 4 








i 

! 

3 

. 0055 

029 


58 

.87 


39 



4 

0065 


0183 

66 ! 


, 16 

40 


89 

OS 










1 

.0090 

020 


55 ! 

76 


35 

.53 i 



0090 

030 



1 10 


t 52 

86 



. 0039 

.024 


72 

I 00 


48 



3 2 

1 

0095 

034 


68 

86 


40 

65 


2 

020 

040 


1 IS 

88 


.84 

61 


3 

057 

028 


99 1 

87 


1 52 

52 



0072 


017 

68 


1 G9 

1 .33 


82 


0073 


021 

70 


1 05 i 

41 


90 

0" 

. Oil 


049 

93 


1 12 

27 


.83 

12 S 

1 - 

012 

. 36 


1 00 

.90 


68 


67 

0 

.023 

.57 


99 

88 ! 


SO 



5S 

i 


J 1 and 2, first experiment of test, cotton plants set out at the same time but different lots of buckwheat 
3 and 4, second experiment, cotton set out at the same time, first buckwheat was set out with cotton 3, 
and later replaced by tomatoes 4 5, o', and 5", third experiment; cotton and tomato plants all set out 

at the same time but h9r\ ested at 3 different times 

A number of investigators have shown that plants differ greatly 
in their capacity to use the phosphorus of the soil. Hartwell {S, p. 7Y 
found that carrots secured their entire needs under conditions where 
turnips were practically unable to grow without phosphatic applica- 
tion: millet and tomatoes ranked next to carrots; and beets and rape 
next to turnips. Cotton requires phosphorus fertilization whereas 
oats will make good growth without it. The soil is so complex a 
system that very little has been learned from soil studies to explain 
these differences. With solution cultures many of the difficulties are 
removed, and the problem may be reduced to one of the PO^ concen- 
tration necessary for the normal growth of the plant under certain 
conditions. 

Both water culture and field experiments have shown that wheat 
and buckwheat are able to grow with lower PO 4 concentration than 
some other plants. Both of these plants produce an enormous num- 
ber of root hairs and, therefore, have a great root surface. If judged 
by dry weight, buckwheat would have a very small root system, but 
its fine roots and numerous root hairs with httle weight present a very 
large surface for absorption. In solution cultures tomato plants vary 
greatly in the number of root hairs produced, but in all experiments 
here have produced very large root systems with many fine roots. 
The mirdmum PO4 requirement for tomato plants appears to vary 
markedly vuth the amount of fight; that is, the greater the fight 
intensity the higher the PO4 concentration necessary. 

Reference is made by number (italic) to Literature Cited, p 147 
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Cotton had the poorest root system of the plants studied. There 
were no root haii's or very fine roots on plants grown in the culture 
solutions. Its growth at low PO 4 concentrations was also much the 
poorest, with the exception of tomatoes grown in bright light. In 
cloudy weather, at 0 2 p. p. m., it made very poor growth, w^hile 
tomato plants in the same containers were making very rapid growth. 

The requii‘ements of greater amounts of phosphate for some plants 
than for others under field conditions can he explained only in part by 
solution-culture experiments. Snow (5) found that corn produced no 
root hairs in solution cultm*es but that they were numerous under 
normal soil conditions. This may explain the findings of Tidmore 
( 6 ', 7) that certain soils producing good corn without PO4 fertilization 
had in their displaced solutions PO4 concentrations of only 0.03 to 0.05 
p. p. m., while solution cultures with a PO4 concentration of 0.05 
p. p. m. produced veiy poor plants. The growth of corn obtained in 
solutions with a PO4 concentration of 0.1 p. p. m. might be expected 
for such a root system. According to weight, corn in solution cultures 
would be considered to have a large root system, but the roots for 
the most part are coarse and therefore the relative surface exposed is 
small. Another factor probabty important, especially in neutral and 
alkaline soils, is the relative amount of carbon dioxide (CO 2 ) given off by 
different plants.^ The carbon dioxide under these conditions may 
serve two functions in phosphorus nutrition, that of making more 
soluble the insoluble phosphates, and of producing in the immediate 
vicinity of the root a reaction more favorable for the absorption of 
anions. Newton (4) found that peas absorbed more calcium than 
did barley when grown in soil. He found that the roots of peas pro- 
duced more carbon dioxide than did those of barley and explained 
the greater absorption of calcium by the peas on the assumption that 
the solubihty of the calciimi was increased by the carbon dioxide, thus 
making more calcium available for the peas than for the barley. 
Breazeale and McGeorge (I) say that carbon dioxide is the most im- 
portant single factor in the fertility of alkaline soils. In many cases, 
becaxise of the effect of carbon dioxide, the displaced soil solution may 
not give a true picture of what is available for the root. It is probably 
impossible, moreover, to get an adequate picture of conditions where 
root hairs are in contact with the colloidal fraction of the soil. 

THE SIZE OF THE ROOT SYSTEM AS AFFECTED BY THE CONCENTRATION OF 
PHOSPHORUS IN THE CULTURE SOLUTIONS 

In this study of the effect of PO 4 concentration on the size of the 
root system, particular attention was paid to the weight of the roots 
as compared vdth that of the tops, since it seems vahd to say that 
phosphate fertilization stimulates root development only in case the 
relative increase in the weight of the roots is greater than that of the 
tops. 

Plants were grovm under two sets of conditions. In one experi- 
ment tomato, pea, cotton, wheat, and corn plants were grown in 
solutions of which the PO4 concentration w^as maintained at various 
low levels. In the other, tomato, wheat, corn, and cotton plants 
were first grown for several w;eeks with an adequate supply of P 04 * 
some of the plants of each kind were transferred to phosphate-free 
solutions, whffe the rest were allow^ed to continue their development 
m solutions with a PO4 concentration sufficiently high for good growth. 
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Table 2. — Root-top ratio, by weight, of plants of four kinds when grown in culture 
solutions of various phosphate concentrations 


Kind of plant 
and experiment 
no 1 

Root-top ratio when grown at PO 4 concentration 
of— 

Comments 

0 1 

ppm 

0 2 

ppm 

04 

p p.m 

08 

ppm 

32 

ppm 

12 8 
ppm 

Tomato 

1 


0 50 


0 33 

0 28 


Young plants 

o 


47 


.39 


a 


2 . 37 

20 15 




4 

*’2 55 


2 24 


Do 


. 54 



29 



Pea 

1 


06 


04 

04 


Mature plants. 

Do, 

Cotton 

1 



13 

05 

0 05 

9 


2 92 

2 77 

2 49 

2 , 32 

Young plants. 

Rapidly growing plants, same as 
above but 1 month older 

Between 5 and 6 weeks old 

3 


2 44 

2.28 

2.23 


4 


2 1 35 


2 48 


0 . ... 


. 19 

.08 

08 

12 


Plants at 0 2 , 0.4, and 0 8 p p m. 
had finished gro\Mng, plants at 
3 2 p p in. were same age but 
still growing. 

Young plants. 

Plants all the same age, but those at 
0.2 p p m had stopped growing 
and produced rijie seed, those at 
0 8 and 3.2 p. p. m. still making 
vegetative growth. 

Young plants 

6 

i 

2 82 


2 41 


Wheat 

1 


04 


.10 

.07 


Corn* 

1 

.78 

. 55 


19 








1 Nos. 1, 2, etc , correspond to those numbers of table 3 and refer to the same plants 

2 Green weights, all of the others, dry weights. 

Table 3. — Weights of roots and tops of plants of four kinds when grown in culture 
solutions of various phosphate concentrations 


Weight of roots and tops when grown at PO^ concentration of— 


Kmd of plant and experi- 
ment no.i 

0.1 

p. p m. 

02 

p. p m 

04 

p. p. m. 

08 

p, p.m 

32 

p.p m. 

12 8 

p. p. m 

Roots 

Tops 

Roots 

Tops 

Roots 

Tops 

Roots 

Tops 

Roots 

Tops 

Roots 

Tops 

Tomato 

1 

G 

G. 

G 

4 9 
22 6 
a 1 8 

G. 

9 9 
25 5 
24 9 

G 

G 

a 

9 8 

<7 

29.9 

G 

10.7 

11.8 

a 

38.0 
30 5 

G 

G 

0 








3 



2 1 5 

29 7 





4 

22 8 

2 1 1 



2 25 1 

2 143 5 
1.8 

11,5 

29.4 

2 74.0 
2 31 3 
62.9 

22 . 1 ; 

5 9 
3.5 

2 105 0 

2490.5 

47.6 

219 5 
2 29.1 
2 327 0 
2 64.6 
510.0 
2 5. 1 
89.0 
18.8 



5 

2 26.5 

.6 

2 48.9 
10 1 







Pea; 1 





1.8 

16.2 
2 8.4 

2 62.0 

40 1 

129.5 

2 17 1 

3 224 0 



Cotton 

1 





10.1 

196 6 

9 . 



3 2.3 

2 2.5 

24 2 

3 58 0 

2 6.5 
3 136.0 

3--- 





4 



23.8 

3 2 8 
3.2 



5 



4 3 
2 1 4 

54.0 
3 1.7 

24.4 

320.0 



6 ... 





Wheat: 1 



4.0; 
2 7 

92 8 
4.9 

6.7 

69.4 



Corn' 1 

1.4 

1 8 













1 Nos 1, 2, etc., correspond to those numbers of table 2 and refer to the same plants 
* Green weights; all of the others dry weights 
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Where plants were grown in solutions of various PO 4 concentrations 
the root-top ratio decreased with increasing PO4 concentrations in 
all cases excepting one wheat and one cotton series, which will be dis- 
cussed later (table 2 ). Not only was the root-top ratio usually greater 
at lower PO4 concentrations, but the average weight of the roots in 
some cases (tomatoes (3), cotton (1), and wheat (1), table 3) was 
greater for some in the lower than in the higher concentrations. 
The much greater growth of the tops of cotton plants as compared with 
the roots for increasing PO4 concentrations is shown in figures 6 and 7 , 
These results are just the opposite of those reported by Turner (S) 
on wheat, barley, and cotton. His solutions, however, were not 
comparable to those used in this experiment since his low phosphaty 
concentration was not only higher than the highest used in the experi- 
ment described above but higher than is commonly found in soil solu- 



FiGURE 6.~Cotton plants growm in solution with POi concentrations of ;i.2 CU) and 0.8 i) p. in. {li). 


tions. The total concentration of salts in his low P ()4 sohifiori, 
moreover, was only a little over half that of Ids high Pfb solut.iou. 

The root-top ratio of wheat plants grown at the lowest 1^04 (‘oii- 
centration and that of cotton at the highest concentration in oiu^ 
series appeared to be exceptions to the rule that the root-top ratios 
decreased with increasing PO 4 concentration. The wheat plants at 
this low concentration had finished growing and produced ripe seeds, 
while those at the two higher concentrations wore still producing 
many new tillers and maldng rapid vegetative growth. The excep- 
tional cotton plants were maldng vegetative growth when harvested, 
while those at the three lower concentrations had apparently stopped 
growing. A comparison of plants at different stages of growth is 
probably misleading since, as is shown by the work of Brenchley and 
Jackson (2)j there is, in general, a decrease in the root-top ratio witl\ 
the age of the plant. 
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Plants transferred from solutions of adequate PO 4 concentrations 
to phospliate-free solutions showed marked increases in root-top 
ratios. With one exception the amount of phosphate in the solution 
before the plants were transferred was 1.0 p. p. m. or less, so that the 
relatively large amount of growth of the roots as compared with that 
of the tops after transference to phosphate-free solutions could hardly 
be due to phosphorus stored in the roots. In two cases (wheat ( 1 ) 
and corn ( 1 ), table 4 ) the average weight of the roots of plants trans- 
ferred to solutions without phosphate was greater than that of the 
plants allowed to remain in solutions 
containing phosphate. The results of 
this group of experiments are shown 
in table 4. 

THE EFFECT OF DIFFERENT PHOSPHATE CON- 
CENTRATIONS ON THE TIME OF MATURITY 

Peas, cotton, and wheat were grown 
in solutions with phosphate concen- 
trations maintained at various levels 
and observations made as to the time 
of their maturity. The results of this 
work (table 5) show that with the 
exception of cotton at the lowest 
concentration, at wliich there was very 
little growth and no seed matured, the 
plants at the lower concentrations 
matured the earliest. 

It is commonly accepted that large 
applications of phosphorus hasten ma- 
turity of crops in countries where the 
growing period is short. Experiments 
with solution cultures, both as reported 
in this paper and observations made 
at other times, have shown that the 
growing period of plants is shortened 
where the amount of PO 4 is low. In 
the culture solutions all other neces- 
sary elements were maintained in ade- 
quate amounts so that phosphorus 
was the only limiting factor. Since 
under conditions of low fertility in 
the field unfertilized plants mature 
earlier than those with adequate fertihzation, it seems probable 
that the depletion of one or more of several of the necessary ele- 
ments may be responsible for this early maturity. Where maturity 
is hastened by large applications of phosphorus the effect is therefore 
probably an indirect one. That is, there is greater growth because 
of the large applications of PO 4 and, owing to its more rapid growth, 
the plant absorbs more rapidly other ions and thus some other element, 
perhaps nitrogen, becomes a limiting factor causing early maturity. 

50920— 30 5 
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Table 4 — Average weight of tops and roots and root-top ratio of plants of 4 differ- 
ent kinds when grown in culture solutions of various phosphate concerdrations and 
later transferred to solutions containing and not containing phosphate 


Kind of plant and 
experiment no 

Time 

with 

PO 4 

before 

trans- 

ference 

PO 4 
concen- 
tration 
of cul- 
ture 

After transference to solution— 

Containing no PO 4 

Containing POi 

Weight 
of roots 

Weight 
of tops 

Root- 

top 

ratio 

Time 

Weight 
of roots 

Weight 
of tops 

Root- 

top 

ratio 

PO 4 
concen- 
tration 
of cul- 
ture 

Tomato: 

Weeks 

P.v.m 

Grams 

Grams 


Weeks 

Grams 

Grams 


P. p. 711. 

1 ___ 

7 

0.4 

0 6 

1.5 

0. 40 

3 

1 1 

5.5 

1) 20 

0 4 

0 

7 

.4 

1.6 

2 7 

.55 

6 

10 7 

47 0 

.23 

4 

3 


4 

2 1 

4 5 

47 

6 

23 n 

77 1 

.30 

.4 

4 

7 

.4 

1 12.0 

1 16 0 

I, 75 

3 

1 21 7 

1 73 5 

1 . 3(1 

.4 

5 

7 

4 

1 19.5 

121 5 

1 91 

6 

1 201 2 

1 647 0 

1 31 

.4 

6 

4 

2 1.0 

1 6.7 

1 11 6 

1 58 

2 

1 21 8 

1 40 1 

1 54 

3 1 0 


4 

2 1 0 

1 11 4 

1 14 8 

L 77 

4 

I 48 1 

1 146 1 

33 

I 1.0 

Wheat 











1 

9 

.4 

1.8 

3.1 

.58 

3 

1.1 

7.6 

. U 

.4 

2 

9 

.4 

2 6 

5.0 

.52 

6 

5. 0 

22.1 

.23 

.4 

3. 

9 

.4 

1 22.4 

1 16 0 

1 1 40 

3 

1 33. 0 

1 67 0 

1 . 49 

.4 

4 

9 

.4 

1 26 2 

1 18 2 

1 1 44 

<» 

1 75 4 

1 186 4 

1 40 

.4 

5 - 

4 

4 

19 0 

1 4 7 

1 1 91 

4 

1 11 6 

1 10 0 

1.61 

.4 

Corn. 1-- 

4 

.4 

5 2 

15 08 

.14 

6 

4,4 

23 2 

. 10 

.4 

Cotton: 4 











1 

9 

1,040 

3 1 

27 4 

. 11 

6 

6 5 

69. 0 

00 

50 

2 

6 

1,040 

3.2 

25 1 

. 13 

9 

6 5 

69. 0 

.09 

50 


1 Green weight; all others dry weight 

2 PO 4 concsentration brought up to 1 0 p, p. m. once a week. 

3 Data from an experiment to determine whether cotton, if given large amounts of phosphate during 
earlier stages of growth, could make normal grow'th afterward if deprived of phosphate in the culture 
media. 

Table 5. — The effect of various phosphate concentrations in the culture solutions on 
the time of maturity of plants of foui different kinds 
[The seeds of all plants of each group were germinated and the plants transferred to the exporliueutal 
solutions and harvested at the same time] 


Plant 

PO4 

con- 

centra- 

tion 

Aver- 

age 

dry 

weight 

per 

plant 


P p.m. 

Grams 


0. 2 

10 7 

Pea 

.8 

41 9 


3 2 

47 6 


.2 

96 4 

Wheat 

' .8 

76 1 


. 3.2 

94 9 


.8 

145 


3.2 

231 


12.8 

199 


^ 2 

4 

Cotton 

.4 

54 


.8 

320 


3.2 

510 


Description of plant at time of 
harvest 


Commonts 


Dead 1 week; seed mature. 
Drying at bottom; some of seed 
still immature. 

do - 

Beginning to dry; seed mature— 


A little less dry than plants at O.s p. p. m. 

Well-filled, mature seeds probably account 
for the high dry weight ns comparod with 
the larger plants at higher 1 ^C >4 concontra- 
tions. 


Making rapid growth, many 
new tillers, heads at all states 
of growth. 

do— - 

Not growing. 

Making good growth and 
blooming. 

do 

Some green leaves but making 
no growth. 

All leaves off, 96 percent of bolls 
open. 

Most of leaves off; 90 percent of 
bolls open. 

Some plants still making good 
growth; 49 percent of bolls 
open. 


Plants injured by aphids when first heads 
appeared. 

{ Plants of this group w'ore set out Aug. 10 and 
harvested Jan. 2; all had many well- 
developed bolls, none of which opened, prob 
ably due to continued cloudy weather dur- 
ing November and December. 

Four small bolls to 41 plants; bolls did not 
open. 

Average number of bolls per plant, 6. 

Average number of bolls per plant, 41. 
Average number of bolls per plant, 74. 
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SUMMARY AND CONCLUSIONS 

Solution-culture experiments were carried out in a study of the 
relationship of the PO4 concentration of the medium to the type and 
size of the root system and the time of maturity of certain plants. 

Two types of experiments were carried out in an effort to determine 
whether or not the size and type of root system played a part in lim- 
iting the minimum PO4 concentration at which certain kinds of plants 
could make satisfactory growth. In one type of experiment different 
kinds of plants were grown in solutions with PO4 concentrations main- 
tained at 0.1 and 0.8 p. p. m,, and a study was made of the relationship 
of the size and type of root system to the amount of growth. In 
another type of experiment, cotton, a plant with a root system present- 
ing comparatively small surface for absorption and requiring a rela- 
tively high PO4 concentration, was grown in containers with buck- 
wheat and tomatoes, plants having more extensive root systems 
and making better growth at low PO4 concentrations. Phosphate 
concentrations in the solutions were maintained at various levels, 
and the amount of phosphorus in the part of the stem between the 
roots and cotyledons and in the leaves was determined. Plants with 
the larger root systems made better growth at low PO4 concentrations 
and more phosphorus was found in their stems than in the stems of 
plants with root systems of comparatively small surface. 

Two groups of experiments were carried out in a study of the 
so-called stimulating effect of phosphorus on root development. In 
one group, plants were grown in solutions in which the PO4 concentra- 
tions were maintained at various low levels; in the other group plants 
were first grown with an adequate^ supply of phosphorus and then 
transferred to phosphate-free solutions. Comparisons showed that 
increasing PO4 concentrations resulted in decreases of the root-top 
ratios. 

The effect of PO4 concentrations on the time of maturity was studied 
by growing different kinds of plants in solutions in which the PO4 
concentrations were maintained at various levels. Plants in lower 
PO4 concentrations matured the earliest. 

Size and type of root system probably play an important part in 
determining the minimum PO4 concentration at which the different 
kinds of plants make satisfactory growth. 

High concentrations of PO4 in solution cultures do not stimulate 
root development. 

Plants growing in culture solutions of low PO4 concentrations 
mature earlier than those grown in solutions of high PO4 concentration. 
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THE EFFECTS OP LOW-PHOSPHORUS RATIONS ON 
GROWING PIGS^ 

By C. E. Aubel, swine investigator, Department of Anmial Husbandry, J S. 

HugheSj animal nutritionist,^ Department of Chemisty, and H. F. Lienhaedt, 

pathologist, Department of Veterinary Medicme, Kansas Agricultural Expert- 

ment Station ^ 

INTRODUCTION 

The discovery that aphosphorosis in domestic animals occurs quite 
frequently under ordinary feeding conditions in many localities 
throughout the world, has served to direct the attention of nutrition 
workers to the role of phosphorus in animal nutrition. As a result, 
many studies have been raade ; in most of them cattle or sheep were 
used as experimental animals. Among such studies are those of 
Theiler { 9 , 10 );^ Malan, Green, and du Toit (7); and Eckles and his 
associates ( 4 , 5 ). Considerable experimental work (4, 8 ) has dealt 
with the effect of phosphorus-deficient rations on animals and with 
the correction of these deficiencies. The literature reports rather 
fuUy the effects of low-phosphorus rations on other species of ani- 
mals, but not on swine. 

However, Bethke and his associates {!) have described the effects 
of the calcium-phosphorus relationship of the ration on the growth 
and bone formation in the pig, and Dunlop { 3 ) has described the 
importance of calcium and phosphorus in the ration, as well as the 
relationship between these two elements with and without vitamin D. 

Otherwise the influence of low-phosphorus rations on body growth 
and on the mineral composition of the blood and bones has been little 
discussed; and no specific information, so far as the authors are aware, 
has been recorded regarding other effects on growing pigs, of phos- 
phorus-deficient rations in which the calcium and other essential 
nutrients were supplied in adequate amounts. The effects of low- 
phosphorus rations on growing pigs, observed during the progress of 
experiments designed primarily to show the phosphorus requirements 
for growing swine, are here presented. The results of two feeding 
tests are recorded in which young pigs were fed rations differing only 
in phosphorus content. 

EXPERIMENTAL PROCEDURE 

The basal ration employed in these experiments consisted of 74 
percent of pearl hominy, 10 percent of tapioca roots, 10 percent of 
blood meal, 4 percent of alfalfa-leaf meal, 1.5 percent of dried brewers' 
yeast, 0.5 percent of iodized salt, and 5 cc of cod-liver oil per pig per 
day. Enough calcium carbonate was added to these ingredients to 
bring the calcium content up to 0.77 percent in the first experiment 
and up to 0.70 percent in the second. 

1 Eeceived for publication July 9, 1935; issued March 1936, This paper represents a portion of a thesis 
presented by C. E. Aubel in partial fulfillment of the requirements for the degree of doctor of philosophy at 
the University of Minnesota in 1935, Contribution no. 114 of the department of animal husbandry, 
no. 190 of the department of chemistry, and no. 62 of the department of veterinary medicine. 

a The authors wish to give credit to Prof. J. F. Merrill for making the chemical analyses of the feeds and 
to R. R. Roepke for the analyses of the blood. Credit is also due Prof, D. L. Mackintosh for assistance In 
slaughtering. 
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Three lots of six pigs each were used in each of the two experiments, 
which were carried on for 24 weeks each. The experiments were 
started shortly after the pigs were weaned at about 9 weeks of age, when 
they weighed from 40 to 50 pounds each. All the lots were housed 
in a well-lighted and well-ventilated building provided with individual 
pens paved with concrete and measuring 8 by 8 feet. Each pen had a 
10- by 8-foot outside exercise area open to the south, paved with 
concrete and fenced with wire. This outside area allowed the pigs 
access to the direct rays of the sun and exposed them, to a considerable 
extent, to ultra-violet rays. 

All the animals were fed individually twice a day. The amount 
fed daily was changed from time to time, but each received the amount 
of feed that the one consuming the least feed vmuld eat morning and 
evening. This arrangement insured all the pigs ingesting the same 
amount of feed. 

The pigs were w'eighed and measured every 28 days throughout the 
experiments. An analysis of the calcium and inorganic phosphorus 
in the blood was made at the beginning of each experiment and at 
the end of each 28 days. A single sample of blood was drawn from the 
tail for these determinations. The Youngburg and Youngburg {11) 
method was used for the determination of inorganic phosphorus, and 
the calcium was determined by the Clark and Collip {2) method. 
The progressive effects of the low-phosphorus rations on the develop- 
ment of the bones, carcasses, and internal organs were noted at the 
end of each 56 days, when two animals from each lot were slaughtered. 

In order to feed the different lots of pigs at different levels of phos- 
phorus, monocalcium phosphate was incorporated in the basal ration 
to bring the phosphorus content up to the desired level. In the first 
experiment the phosphorus content of the ration fed lot 1 was 0.15 
percent, that of the ration fed lot 2, 0.29 percent, and that of the ration 
fed lot 3, 0.59 per cent. The experimental pigs were fed phosphorus 
at these levels for 7 weeks, at the end of which time a second mixture 
was made, which, because of variations in the phosphorus content of 
the ingredients, contained slightly higher amounts of phosphorus. 
The amounts were 0.18 percent in that fed to lot 1, 0.33 pei'cent in 
that fed to lot 2, and 0.59 percent in that fed to lot 3. Rations 
containing phosphorus at these levels were fed during the remaining 
17 weeks of the experiment. 

In the second experiment the phosphorus content of the ration 
of lot 4 was 0.15 percent; that of the ration of lot 5, 0.23 percent; 
and that of the ration of lot 6, 0,30 percent. Enough feed containing 
these amounts of phosphorus to supply the pigs during the entire 
24 weeks of feeding was mixed before the experiment began. 

EXPERIMENTAL DATA 

In the course of these experiments five very decided effects of 
feeding the pigs the low-phosphorus rations were observed. These 
were: (1) The effect on the appetite; (2) the effect on the utilization 
of feed and storage of energy; (3) the effect on growth of the body and 
the development of bone and muscle; (4) the effect on the inorganic 
phosphorus in the blood; (5) the effect on the consumption of water 
and the excretion of urine. 
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EFFECT ON THE APPETITE 

Loss of appetite in the low-phosphorus pigs in lots 1 and 4 began to 
appear as early as the fifth week after the pigs were placed on feed. 
This made it necessary to feed very carefully in order to have them 
consume the saine amounts of feed as the other pigs. By the end of 
the fifth month it was no longer possible to get these pigs to eat the 
ration in a dry form. It was possible, however, because of an in- 
creased thirst which they developed, to induce them to eat their feed 
by mixing it with the drinking water. Toward the end of the experi- 
ments it was necessary to withhold all drinldng water except that 
mixed with the feed. By mixing small portions of the feed in the 
water five or six times each day, by the end of the experiments it was 
possible to induce the pigs to consume nearly 6 pounds of feed daily. 
So greatly did they crave water that they soon learned to wait for 
the feed to settle, and it was necessary for an attendant to keep stirring 
the mixture in order to have the feed consumed. 

No difficulty over loss of appetite was experienced with the pigs 
in lots 2, 3, 5, and 6, which were on higher levels of phosphorus. 


T-\ble 1. — Ai^ei'age feed consinned daily per pig, daily gains in weight, and feed 
'iequired per 100 pounds gam in weight hy 28-day periods in experiments 1 and 2 

EXPERIMENT 1 


Period (28 days) 
no 

Pigs I 

Feed consumed daily 

Average daily gam 
m weight 

Feed required per 100 
pounds gam in weight 

Lot 1 

Lot 2 

Lot 3 

Lot 1 

Lot 2 

Lots 

Lot 1 

Lot 2 

Lots 


Number 

Poundft 

i Pound.'? 

Pounds 

Pounds 

1 

\Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

1 ... 

6 

2 5 

2 5 

2 5 

0 72 

0 81 

0. 85 

347.2 

308 6 

294.1 

2 

6 

3 1 

3.1 

3.1 

.74 

,96 

.99 

418 9 

322 9 

313.1 

3 

4 

3 9 

3 9 

3.9 

1 06 

1.09 

1 16 

367 9 

357.7 

336. 1 

4 

4 

4 5 

4.5 

4.5 

1 15 

1.26 

1 20 

391 3 

357 1 

375.0 

5 

2 

5.5 

5.9 

5 9 

,74 

1.41 , 

1.31 

1 743 2 

418.4 

450. 3 

6 -.- 

2 

5 7 

5 9 

5.9 

1. 28 

1.50 

1 48 

445 3 

393. 3 

398 6 

Weighted 


1 









average 


3 7 

3.7 

3 7 

.90 

1 07 

1 08 

417 1 

344 6 

341.0 


EXPERIMENT 2 




Lots 4, 5, 
and 6 

Lot 4 

Lot 5 

I.0t 6 

Lot 4 

Lot 5 

Lot 6 


Nu mber 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

1 

6 

2.7 

0 65 

0 . 8:1 

0 91 

415 3 

32,5 3 

296 7 

2- 

0 

3.3 

.81 

1 00 

1 06 

407 4 

330 0 

1 311 3 

3 

4 

3 5 

.86 

1 05 

1 19 

406 9 

333. 3 

294 1 

4, 

4 

4.4 

.87 

1 34 

1 41 

505 7 

328 3 

312 0 

5 - 

2 

5.7 

1. 41 

1. 61 

1.62 

404.2 

354 0 

351 8 

6 

2 

6.0 

1 05 

1.28 

1.27 

571 4 

468 7 

472 4 

Weighted average- 


3.. 

.85 

1.09 

1 in 

439 1 

:i42 6 

321.7 


1 Of the original 6 pigs, 2 were slaughtered at the end of the second period, 2 at the end of the fourth, and 
2 at the end of the SL\th 


EFFECT ON THE UTILIZATION OP FEED AND THE STORAGE OF ENERGY 

That the pigs on the low-phosphorus diet did not utilize their feed 
as well as those on the higher levels of phosphorus is shown in table 1 . 
The data show that lots 1 and 4, the low-phosphorus groups, had 
during each period of the experiment the largest feed consumption 
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per 100 pounds gain. In lot 1, experiment 1, the consumption per 
100 pounds gain fluctuated from period to period but was exception- 
ally high in period 5. As a rule, the fluctuation varied as the average 
daily gains, but the very high requirement of feed in period 5 was 
accompanied by a low average daily gain. No explanation can be 
offered for this unless the sudden change from a dry-feeding method 
to a thin-slop method might have caused, some irregularity in body 
weight. In lot 4, experiment 2, in which the change was made 
gradually from dry to slop feeding when the pigs began to lose their 
appetites, no such fluctuation was observed. 

While no direct measurements of the storage of energy were made 
in these experiments, on the basis of gains in weight it is evident that 
the pigs receiving the low-phosphorus ration stored less energy than 
those receiving mgher amounts. The difference, however, is not so 
great as the difference in the body weights would indicate, because 
the low-phosphorus-fed pigs carried a higher percentage of fat and 
showed better finished carcasses. 

The thickness of the back fat opposite the seventh, eleventh, and 
thirteenth dorsal vertebrae was measured in experiment 2. The 
results, shown in table 2, indicate, according to the fat index suggested 
by Hankins and Ellis (6‘), that there was an average of approximately 
96 pounds of fat on the carcasses of the low-phosphorus pigs, as 
compared with 108 pounds on those of the high-phosphorus pigs in 
lots 5 and 6. 


Table 2. — Average thickness of the hack fat at the seventh, eleventh, and thirteenth 
ribs of two pigs in lots 4i 6 at the end of the fourth and sixth periods of 

experiment 2 


Period (28 days) no. 

Thickness at seventh 
vertebra 

1 

Thickness at eleventh 
vertebra 

Thickness at thirteenth 
vertebra 

Lot 4 

Lots 

Lot 6 

Lot 4 

Lots 

Lot 6 

Lot 4 

Lot 5 

Lot 6 

1 

4 

Mm 

34 

51 

Mm 

27 

43 

Mm 

30 

45 

Mm 

30 1 
46 

Mm 

20 

40 

Mm 

27 

41 

Mm 

Mm 


6 

42 

39 

35 


In the case of dairy animals on a low-phosphorus ration, it is 
impossible to keep the animal fat, for not only is the feed poorly 
utilized but it is impossible to induce the animal to eat sufficient 
amounts of the ration to store energy during the later stages of 
aphosphorosis. It was possible with the pigs in this study to take 
advantage of their increased thirst to force them to eat their feed 
in the form of a slop, and thus provide excess energy to be deposited 
in the form of fat, even though they -were not utilizing their feed as 
fully as the normal pigs. 

EFFECT ON THE GROWTH OF THE BODY AND THE DEVELOPMENT OP BONE AND 

MUSCLE 

One of the more marked effects of the lack of phosphorus in the 
ration was a failure of the body to grow normally, and especially to 
develop bones and muscle to a normal extent. 

It can be seen from the lower graphs in figure 1 that the hogs in 
experiment 1 receiving the low-phosphorus ration (lot 1), although 
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they received the same amount of feed and had the same initial 
weight, were about 17 percent lighter at the end of the experiment 
than those in lots 2 and 3. In experiment 2 there was a difference 
of about 25 percent in the weight of the pigs receiving a low-phos- 
phorus ration (lot 4) and that of those on the higher phosphorus 
levels (lots 5 and 6). 

Not only did the pigs on the low-phosphorus level weigh less (fig. 
1, O, D), but their lengths (fig. 1, A and B, and fig. 2) and heights 
(figs. 1, A, B) were also less. 



FiQtTBE 1,— Increases in the dimensions and weights of pigs on low-, medium-, and high-phosphorus intakes 
as compared with the dimenblons and weights of normal pigs. Curves for normal animals were drawn 
from unpublished data supplied by the Division of Animal Husbandry of the University of Minnesota 
and represent the average of the records of 134 pigs of record-of-performance litters. The pigs m these 
litters were of all breeds and were self-fed on excellent rations. A and B show at a, height at shoulder, 
and at 6, length from base of ear to root of tail; C and D show body weights. Lots 1 and 4 were on low- 
phosphorus, lots 2 and 5 on medium-phosphorus, and lots 3 and 6 on high-phosphorus rations, as explained 
m the text. 

The lighter body weight was also correlated with poorly developed 
bone, as is shown in table 3. This table shows for pigs on the (Af- 
ferent levels of phosphorus, the variations in the bones, the specific 
gravity, breaking pressure, dimensions of the bone, and the ash 
content. 





Table 3.^ — -Average specific graviiijy breaking strength, lengthy diametery thickness of loall, and ash of the green leg and nh bo7ies of two pigs 

in each lot, by 56-day periods in experiments 1 and 2 

EXPEEIMENT 1 
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1 Length over all ot leg bones, ribs shortest distance from head to end of shaft. « Average of the 2 leg or 2 rib bones. 

9 Average of smallest and greatest diameter at breaking point. s Determmations lost in the burning of the chemistry building 

3 Average of smallest and greatest thickness of wall at breaking jioint. 
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The ribs and vertebrae of the pigs fed low levels of phosphorus 
showed poor calcification similar to that usually observed in animals 
suffering from low-phosphorus rickets. The poor development of 
bone is also indicated by the fact that as early as 7 weeks after the 
beginning of the experiments the legs of the low-phosphorus pigs were 
somewhat deformed. This condition became more marked as the 
experiments progressed, so that by the end of the experiments the 
pigs had difficulty in moving about in their pen. 

It is rather to be expected that the growth of bone, which contains 
a high percentage of calcium and phosphorus, would be materially 
influenced if the phosphorus were not provided in the feed. It is 
not generally thought, however, that this mineral plays such an 
important part in the development of the muscle, because the per- 
centage of ash in muscle is comparatively low. When it is considered 
that phosphoric acid is an integral part of the nuclei of the cells, 
which have much to do with the cell development, and that the 
phospholipins play an essential part in the function of the muscle 
fiber, it does not seem impossible that a deficiency in phosphorus 
would be reflected in decreased muscle development. 

EFFECT ON THE INORGANIC PHOSPHORUS OF THE BLOOD 

The results of the effect of low-phosphorus rations on the inorganic 
phosphorus of the blood (table 4) are in accord with the results 
reported by other investigators for swine. 

Table 4. — Average calcium and inorganic-phosphorus content of the blood of pigs 
by 28-day periods in experiments 1 and 2 


EXPERIMENT 1 


Period no. 

Pigs 

Calcium (per 100 cc of serum) 

Inorganic phosphorus (per 

100 cc of whole blood) 

Lot 1 

Lot 2 

Lots 

Lot 1 

Lot 2 

Lots 



Mini- 

MUli- 

MiUi- 

MUli- 

Milli- 

Milli- 


Number 

grams 

grams 

grams 

grams 

grams 

grams 

Initial i 

6 

11.9 

11.9 

11.7 

4.3 

5.6 

6.6 

1 - 

6 

12.8 

12.3 

11.1 

3.9 

4.9 

6.1 

2 

0 

13.3 

12 4 

11.8 

3.4 

4.8 

6.4 

3 

4 

13,7 

12.9 

12.3 

3.7 

4.8 

6.9 

4 

4 

14.9 

12.8 

12.1 

2.9 

4.8 

0.1 

5 

2 

13.3 

12.1 

12.4 

3.2 

5.1 

6.0 

6 

2 

12.9 

12 1 

11.6 

3.3 

6.8 

6.8 


EXPERIMENT 2 


Period no. 

Pigs 

Lot 4 

Lot 6 

Lot 6 

Lot 4 

Lot 5 

Lot 6 



Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 


Number 

grams 

grams 

grams 

grams 

grams 

grams 

Initial - 

6 

9.7 

10.0 

10.0 

5.5 

6.7 

6.7 

1 

6 

12.4 

11.2 

11.2 

4.1 

5.0 

5.7 

2 

6 

12.6 

12.0 

12 1 

3.4 

4.7 

5.5 

3 - 

4 

11.0 

10.0 

10.3 

2.9 

4.7 

5.5 

4 

4 

11.9 

12 1 

11.0 

2 7 

4.8 

6.3 

5._ 

2 

11.5 

12.0 

11.1 

3,6 

5.1 

6.5 

6 

2 

1 

13.2 

13.7 

11.5 

2.6 

5.4 

6.2 


1 The blood samples for this analysis were taken about 2 hours after the second feed of the experimental 
ration had been given the pigs. 
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An inspection of these data clearly shows that the pigs in lots 1 
and 4 quicldy developed a state of phosphorus deficiency, which 
became more marked as the experiment progressed. Lots 1 and 4 
had the least amount of inorganic phosphorus in the blood. Lots 
3 and 6 had the highest percentage, while the amount in lots 2 and 
5 were between that of the other two lots. Since each lot received 
a different level of phosphorus in its ration and since each lot had a 
distinctly separate level of inorganic phosphorus in the blood, it is 
clearly evident that the amount of phosphorus in the feed readily 
reflects itself in the blood. 

This fact is shown further by the initial analysis of the blood of the 
pigs in experiment 1 (table 4). Through an oversight at the time 
of starting the experiment, blood was not drawn for analysis until 
after the second feed of the experimental ration had been consumed. 
In this short time the amount of phosphorus in the two feeds affected 
the inorganic phosphorus of the blood of the pigs in the three lots, 
so that three distinct levels resulted, corresponding to three definite 
levels in the rations. 

EFFECT ON THE CONSUMPTION OF WATER AND THE EXCRETION OF URINE 

The hterature, so far as the authors have observed, does not mention 
an increased thirst as one of the s;;^ptoms of aphosphorosis. How- 
ever, the data for a digestion trial with dairy cows reported by Riddell, 
Hughes, and Fitch (<S), in which the consumption of water was accu- 
rately measured, showed that the average amount of water consumed 
by the two low-phosphorus cows was about 4 percent more than 
consumed by the cows receiving the same ration supplemented with 
phosphorus. The low-phosphorus cows also excreted 27.2 percent 
more urine. However, no attention was called to these variations in 
the discussion of this digestion trial. 

In experiment 1 it was noticed as early as the second week that the 
pigs of lot 1 were consuming considerably more water than the pigs 
in the other lots receiving a higher level of phosphorus. Accordingly, 
a check of the consumption of water of the pigs was made for 2 days 
of each month. The results are shown in table 5. 

Table 5. — Water consumed daily by and weight of kidneys of pigs in experiment ' 


Period (28 days) no. 

Pigs 

Water consumed daily ^ 

Weight of kidneys s 

hot 1 

Lot 2 

Lot 3 

Lot 1 

Lot 2 

Lot 3 

1 

Number 

6 

6 

4 

4 

2 

2 

Kilograms 
4.77 
9.09 
8.95 
11. 18 
(») 

(») 

ICUograms 
3.68 ! 
7.13 ’ 
8.22 
10.13 
12.31 
15. 86 

Kilograms 
3.31 
5. 69 
6.63 
8.27 
11.45 
14. 13 

Grams 

Grams 

Grams 

2 

3 

220 

177 

185 

4 

5 

302 

264 

230 

6- 

395 

m 

275 


1 Average per pi^ calculated from the water consumption for 2 days of each month. 

2 Average for 2 pigs in each lot. 

3 No data were secured for lot 1 for periods 5 and 6. 
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Wliile it was apparent that more urine was being excreted, no 
measure was made of it in tliis experiment. 

Because the pigs exhibited excessive thirst and urination, special 
attention was given to the weight and appearance of the kidneys at 
the time of slaughter. Table 5 shows that the kidneys of the pigs on 
the low-phosphorus ration were larger than those from the pigs re- 
ceiving the higher levels of phosphorus. It is also apparent that the 
differences in the weights of the kidneys became more marked as the 
experiment progressed. 

During the second experiment it was possible, by placing the pigs 
in a metabolism crate, to measure not only the water consumption 
but the excretion of urine for a 3-day period. 

The water consumption was 11,514, 6,190, and 5,903 g, and the 
urinary excretion was 8,541, 2,300, and 2,355 g for lots 4, 5, and 6, 
respectively. The average weights of the Iddneys for lot 4 was 41 1 g, 
for lot 5, 366 g, and for lot 6, 335 g. 

Thus the increased thirst and the increased urinary excretion of 
the pigs on the low-phosphorus level were evident again. The 
Iddneys also were larger in the low-phosphorus-fed pigs at the close 
of this experiment. 

Histological examination of the enlarged ld.dneys from the lots of 
pigs maintained on the low level of phosphorus disclosed that they 
were distinctly enlarged and light in color, presenting the appearance 
of a ^darge white kidney.’^ Microscopically this organ showed evi- 
dence of a chronic diffuse nephritis of the parenchymatous type, and 
presented widened glomerular spaces around the glomerular tufts 
and also widely distended uriniferous tubules with flattened epi- 
thelial cells. A granular debris was present in some of the tubules. 

It is significant that the impaired kidney corresponded with the 
excessive urination and accompanying thirst observed in these experi- 
ments. 

SUMMARY 

The results are reported of an investigation of the effects of the 
feeding of different levels of phosphorus in the rations of 36 young 

... 

Two experiments, each involving three lots of sLx pigs each, were 
carried on for 24 weeks. 

Data are presented to show the effect of deficient amounts of 
phosphorus in the ration on the growth and development of pigs. 

The results obtained indicate that the abnoimalities resulting from 
feeding low-phosphorus rations were: (1) A loss of appetite, (2) a 
poor utilization of feed and storage of energy, (3) a failure to make 
normal growth and to develop bone and muscle normally, (4) a 
lowering of inorganic phosphorus in the blood, and (5) a marked in- 
crease in thirst and a corresponding excretion of urine. 
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LIFE HISTORY OF AGAMERMIS DECAUDATA, A NEM- 
ATODE PARASITE OF GRASSHOPPERS AND OTHER 
INSECTS ' 

Hy J. R. Christie 

Associate nematologisi, Divisio7i of Neniatologg, Bureau of Plant Industry^ United 
States Department of Agriculture 

INTRODUCTION 

Of the various nematodes that parasitize insects, those belonging to 
the family Mermithidae probably occur in the greatest variety of these 
hosts. As the presence of a mermithid parasite usually has a marked 
influence on the development of an insect, frequently retarding or 
modifying growth, usually inducing sterility, and finally resulting in 
death', these nematodes are of considerable interest from an economic 
standpoint. Reports from various parts of the world indicate that 
mermithids are an important factor in holding certain pestiferous 
insects in check, at least in some localities. As mermithids are usually 
long, slender animals they are sometimes referred to as ^‘hairworms/' 
Unfortunately this term lias also been used for membei's of the Gordi- 
idae, a group of animals wliose resemblance to mermithids is largely 
supeidicial and with which they should not be confused. 

In spite of the fact that mermithids have long been known to 
zoologists and numerous references to them are found in zoological 
literature, information regarding them is rather meager. In some 
instances writers have merely reported their occurrence and given a 
brief morphological description wliich is frequently so inadequate as 
to leave the reader in doubt whether the organism in question was a 
mermithid or a gordiid. However, numerous contributions, including 
the papers by Rauthor {ISy, Hagmeier (»9), and Steiner (16*, 17 ^ 18^ 
19), have contributed c.onsiderable information pertaining to the 
morphology and taxonomy of the group. In regard to life histories 
our knowledge is much loss satisfactory. Although studies on this 
phase of the subject were mado> as early as 1853 by Von Siebold {16) 
and Meissner {12) and later by Corti (S), it was not until 1905 that 
Kohn {11), working with Paramermu contorta (Linstow, 1889) Kohn, 
1905, a parasite of Chiron omus larvae, presented the first compre- 
hensive life-history study. Further observations on this species were 
made by Comas (.4)* , 

Judging from available information, it appears that the typical 
mermithid life cycle consists of a parasitic larval development in the 

1 Received for publication Sept. 9, 1935, issued March 1936 Thesis presented to the graduate council 
of the George Washington University in partial fulflllinent of the requirements for the degree of doctor of 
philosophy. 

2 Reference is made by number (italic) to Literature Cited, p. 197. 
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body cavity of the host, followed by a free-living adult stage usually 
passed in the soil or in mud and sand underlying streams and lakes. 
Tetradonema plicans Cobb, 1919, which infests the larvae of Sciara 
coprophila Lintner, is evidently an exception, as it apparently passes 
its entire life as a parasite (10). This should probably be regarded 
as a specialized type of life cycle wherein the free-hving stage has 
been eliminated. 

In the north-central and northeastern parts of the United States, 
over an area extending southward to northern Virginia and westward 
to eastern Nebraska, the more common species of grasshoppers harbor 
mermithid parasites which consist largely of two species, Agamermis 
decaudata Cobb, Steiner, and Christie, 1923 (5), and Mermis subni- 
grescens Cobb, 1926. The evident economic significance of these 
parasites of grasshoppers has been noted by several investigators. 
I. G. McGnie, of Audubon, Minn., is reported by Riley (14) as 
asserting that ^^in that part of the country the hairworms destroyed 
as many locusts in 1875 as did any other enemy.^^ Writing in 1900, 
Forbes (7, p. 129) makes the following comment: 

Long thread-like, milk-white hair-worms (Mermis) are often found in the abdo- 
mens of grasshoppers, living there as internal parasites, and escaping after matu- 
rity to enter the earth, where they pass the winter, pair, and produce myriads of 
eggs the following spring. The young from these infest the grasshoppers of the 
year and assist greatly in the reduction of any excess of numbers. 

In August 1908 a grasshopper outbreak at Columbia Cross Roads, 
Pa,, was investigated by J. A. Hyslop, of the Bureau of Entomology, 
United States Department of Agriculture. ^ When specimens of 
Melanoplus femur-rubrum DeGeer,^ the species responsible for the 
outbreak, were dissected, cream-white worms, about 3 or 4 inches in 
length, were taken from the bodies of the insects. In one case 12 
worms were taken from a female M. femur ■‘Tubrum, 10 of which were 
3 inches long. Hyslop observed that ^Hhe infested grasshoppers act 
sluggish and that “the genital organs (ovaries and testes) were 
always consumed where worms were present.'^ ^ 

Glaser and Wilcox (5), while investigating a grasshopper epidemic 
near Dummerston Station, Vt., in 1917, noted a high mortality among 
these insects. This mortality was due to a mermithid parasite which 
infested nearly 30 percent of all the grasshoppers in that locality at 
the time, Melanoplus atlanis Riley and M. bivUtatus Say being the 
most common species. Between 1923 and 1925 there occurred in 
Door County, Wis., a grasshopper outbreak of considerable severity, 
the principal species being Camnula pellucida Scudd. The writer 
visited this region during August 1925 and found the grasshoppers 
heavily infested with mermithid parasites. There is little doubt 
that these parasites were an important factor in terminating the 
plague. 

The parasite involved in the grasshopper outbreak in Door County, 
Wis., was Mermis subnigrescens and that found by Glaser and Wilcox 
at Dummerston Station, Vt., was probably the same species. The 
parasite found by Hyslop at Columbia Cross Roads, Pa., was probably 
Agamermis decaudata, a species which is abundant in northeastern 
Virginia. It is the species with which the present paper deals. 

For convenience and clarity in description, the Ine cycle of Aga- 
mermis decaudata is divided into five stages, as follows: (1) The 

3 Hyslop, J, A. Unpublished note 
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embryonic and ovic larval stage, which includes the development of 
the embryo from the time the egg is deposited until the larva emerges; 
(2) the preparasitic larval stage, which includes the period between 
hatching and the entrance of the larva into a host; (3) the parasitic 
larval stage, which includes the development within the host; (4) 
the postparasitic larval stage, which extends from the time the larva 
emerges from the host until it undergoes its final molt; and (5) 
the adult stage. 

EMBRYONIC AND OVIC LARVAL STAGE 

DEPOSITION, STRUCTURE, AND SIZE OF THE EGGS 

The adults of Agamermis decaudata are found coiled within small 
cavities in the so 1, usually about 5 to 15 cm below the surface. Here 
eggs are deposited and undergo embryonic development, becoming 
plastered over the parent nemas and over the walls of their earthen 
cavities. It is estimated that an av^erage female during her life will 
deposit about 10,000 eggs. 

The egg when first deposited (fig. 1, H) is somewhat discoidal, 
having the form of a sphere considerably flattened on opposite poles. 
As ordinarily seen under the microscope it presents a circular outline 
measuring, on an average, about 160Ai in diameter. When viewed on 
edge it is ellipsoidal in outline, the length of the short axis being about 
two-thirds that of the long axis. The protoplasmic mass is surrounded 
by a thin membrane. Outside of this, in the case of Hexamermis 
albicans (Siebold, 1848) Steiner, 1924, Meissner (12) reported the 
existence of a colorless transparent layer composed of a semifluid 
substance which he called the albuminous layer (Eiweisschicht) . 
Enclosing the whole is an outer membrane or 'hhell”, 1.5ju to 2(i 
thick and of a pale amber or straw color. The color, at fimt very 
faint, darkens as the egg develops. 

Adult females of Agamermis decaudata collected by the writer varied 
in length from 3 to 46.5 cm. It was noted that eggs deposited by the 
smaller females averaged about 120^ in diameter (measured on the 
longer axis) as against an average of 163^ for those deposited by larger 
females. Results from a study of the length of females and the size 
of eggs deposited by them are shown in table 1. 

Table 1. — Relation between length of female Agamermis decaudata and size of eggs 


Length of female 
(cm) 


3.0- 
3.2- 

3 5- 

4 5- 

5.0- 
6 0 - 
6 0 - 

8 . 0 - 
9.5- 
12 . 0 . 

15.0. 
18 0 . 

24.0. 


Diameter of eggs 

Length of female 
(cm) 

Diameter of eggs 

Mini- 

mum 

Ma\i- 

mura 

Aver- 

age 

Mini- 

mum 

Maxi- 

mum 

Aver- 

age 

M 




fi 



121 

130 

126.9 

25.0—- 

159 

174 

166.3 

no 

118 

113 0 

27,0 

150 

170 

163 2 

110 

118 

114 0 

28 0 

160 

178 

167.S 

106 

120 

110.4 

28 0 - - 

164 

172 

168 9 

110 

125 

116,8 

30.0 - 

160 

179 

161 3 

125 

133 

129.0 

31.0 

165 

176 

166.6 

123 

127 

125.4 

33.0 

147 

164 

156.0 

103 

137 

119.2 

34,0 

144 

180 

160.1 

120 

137 

129. 1 

35.0 

146 

160 

153.6 

115 

141 

125.2 

36,0 

144 

172 

166.0 

164 

182 

169.7 

46.0 

162 

168 

166,0 

164 

176 

166.9 

46.5 

164 

170 

167 5 

141 

164 

153.6 
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The data in table 1 show that the size of the eggs deposited docs 
not increase gradually as the lengtli of the female increases. By 
comparing the average measurements of the eggs deposited by each 
female it will be observed that those deposited by females d to 12 
cm long comprise one group while those deposited by females 15 to 


A 








F 



Figure l —IRgg oiAgamermis decandata: A, At time of deposition, B, after about 24 hours, C, after about 
30 hours, D, after 36 to 40 hours; B, after 4 to 6 days; F, after 6 to 7 days, 0, after S to 9 days. //. after JO to 
n days, /. after 18 to 15 days, J, after 16 to 18 days; K, after 20 to 24 days, L, after 35 to 40 days. 
b irst somatic stem cell; undidarentiated cell, A', anterior primary ectoclerm cell; S', dorsal octoderin 
ceii, .P2, second undifferentiated cell; EMSt, endoderm-mesoderra-stomodaoum cell; Posterior 

dorsal ectoderm stem cell, Pg, undifferentiated stem cell, a, a, h, b, cells of prmiary ectoderiu. 
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46.5 cm long comprise another group. If the variations in the size 
of the eggs bo represented by a curve, this curce will be '‘two-peaked'' 
with but a slight overlapping at the base. At fost one is inclined to 
suspect the existence ot two species. Such information as we possess, 
however, indicates that there is but one species, although the point is 
not yet settled. The matter will be discussed further in connection 
with the preparasitic larva. 

CLEAVAGE 

During the first 10 to 12 hours after deposition, the central proto- 
plasmic mass contracts slightly until there exists between it and the 
outer shell a clear space 30m to 35m in thickness. The first cleavage is 
perpendicular to the flattened poles of the egg and results in two cells 
slightly unequal in size. This division is usually complete at the end 
of 24 to 30 hours after the egg is deposited. The larger of the two 
blastomeres (fig. 1 , S]), is the firnt to divide, resulting in two cells 

about equal in size. The remaining blastomere of the first pair 
(fig. 1 , O, Pi), now divides. On the side opposite the two small 
blastomeres now present (^ 1 ' and B^), a projection of protoplasm is 
pushed out and is eventually split off. The cell thus formed (fig. 1 , 
D, P 2 )) is smaller than any of the others and differs from them in 
appearance, being composed of a somewhat clearer protoplasm. This 
cleavage is usually complete at the end of about 40 hours and leaves 
the egg in a four-celled stage. Cell Po divides, resulting in two blasto- 
meres, P 3 and 63 (C), each of wliich again divides. In the meantime 
the derivatives of the larger of the first two blastomeres (A' and B^) 
continue in their cleavage, producing a cluster of cells which tends to 
grow over and envelop the large blastomere {EMSt). This latter 
undergoes 2 or 3 cleavages before it is completely hidden, each division 
resulting in daughter cells about equal in size. At the end of 8 to 9 
days the young embryo has developed to the stage shown in figure 1 , 
G. In 16 to 18 days an embryo of about one and a half coils (fig. 1 , J) 
is produced, and after this the number of coils increases rapidly. At 
first there is a tendency for the coils to assume an irregular, crisscross 
arrangement, and 20- to 30-day embryos are likely to be in this condi- 
tion; but after about 30 days the coils arrange themselves near the 
periphery of the disk (fig. I, L). 

DEVELOPMENT OF THE STVt.ET 

In the head region of a 20 -day ovic larva the outline of the develop- 
ing esophagus (fig. 2 , A, oe) can usually be seen. Posteriorly it 
becomes increasingly indistinct, disappearing about 40m h'om the 
antexior end. The rounded anterior contour is more difficult to see 
than the walls which bound it laterally. About 16m from the anterior 
end of the larva the esophagus is constricted, thus forming a difter- 
entiated anterior part (fig. 2 , A, oe aiit). Back of the constriction 
tlie esophagus has about the same diameter as the part anterior to 
the constriction. Near the center of the antexior part the primordium 
of the odontium or tooth can be seen (fig. 2 , A, vesic) . It is a pyrifoim 
vesicle about 8 m long by 3 m wide, and in a living specimen appears 
somewhat lighter in color tlxan the surrounding tissue. 

In a 25-day ovic larva the esophagus is still a prominent feature, 
the anterior part having enlarged to a diameter four-fifths as great 
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stylet in .^firam^rrw?^ decaudata A, 20-day larva, lateral view; B, 25^day larva 
# view;^&, 36^ay ^rva, dorsal ^ew* 

45.(iay larva, lateral view: H, SO-day larU, cross section thrSh tin of 
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as the diameter of the larva in that region. The vesicle (fig. 2, B, 
vesic) is about twice as long as wide and has a diameter one-third as 
great as the diameter of the esophageal enlargement. In the center 
of the vesicle and nearly filling it is a spindle-shaped mass of rather 
dense substance; bounded laterally by heavily cuticularized walls 
(fig. 2, B,od). 

In an average 28-day ovic larva the esophagus and the anterior 
esophageal enlargement are both more clearly defined than in 
preceding stages. The developing odontium (fig. 2, O, od) now has 
the shape of an elongated cone with a pointed anterior end and a 
hemispherical base. It has moved shghtly anteriad and is enclosed 
in the vesicle, which is about one-third larger and may somewhat 
resemble it in shape. The wall of the stoma is reinforced by 2 or 
sometimes 3 hooplike (?) thickenings which when seen in lateral 
aspect present the appearance shown in figure 2, C, The tubular 
lumen of the esophagus may sometimes be seen at about this stage of 
development. 

The average 30-day ovic larva shows few changes from a 28-day 
larva. On the ventral side of the developing odontium (fig. 2, D, od), 
a groove extends from near the point to near the base. This groove 
may best be understood by studying a front view of the head, where 
the odontium appears crescent-shaped in optical cross section (fig. 
2, id, i, od), A tortuous, heavy-walled tube now occurs within the 
esophagus, extending past the vesicle and terminating near the base of 
the stoma, with which it may possibly communicate, although the 
opening was not seen. 

In a 40-day ovic larva (fig. 2, F) the walls of the esophagus are more 
difficult to observe, and as the larva develops they become increas- 
ingly obscure. The stoma now communicates directly with the 
esophageal tube, which runs straight back without the windings 
characteristic of earher stages. The developing odontium, which 
up to this time has occupied a more or less axial position, now moves 
toward the dorsal side, the groove lying adjacent to the esophageal 
tube. The vesicle often encompasses only the base of the odontium 
and in some cases seems to have disappeared. At about this time a 
second vesicle (fig. 2, vesic) is formed, oblong in shape and encom- 
passing that portion of the esophageal tube which is destined to form 
the shaft of the stylet. The wall of this part of the tube now becomes 
thicker. At the end of about 50 days the stylet (fig. 2, «7, is com- 
pletely formed. When the odontium is united with the shaft the 
anterior extremity of the esophageal tube lies in a groove of the 
odontimn (fig. 2, 6)^ with which it is eventually joined. The odon- 
tium, therefore, acts as a reinforcement which is wrapped around 
and united with the anterior end of the shaft. 

For a stylet formed from a modified tooth or odontium or from an 
odontium together with a portion of the esophageal tube, as in the 
present instance, the term ^^odontostyl” is proposed. Such stylets 
also occur in the genus Dorylaimus and related genera. For a stylet 
formed through a modification of the entire stoma or buccal cavity 
the term stomatostyV is proposed. Such stylets occur in the genera 
Anguillulina {^TyLenchus) SiHd Aphelenchoides, 
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TWENTY-DAY OVIC LARVA 

At the end of 20 days the larva usually forms about two and one- 
half loops within the egg shell (fig. 1, i^). The anterior end of such 
a larva, for a distance of SOjit or 40yu, is filled with a comparatively 
clear, finely granular tissue in which distinct cell walls w ere not seen. 
As already noted, it is in tliis clear anterior region that the developing 
esophagus is visible. Back of this region the body is filled witli 
spherical globules which vary from 1 5/1 to in diameter. In situ 
these globules tend to be polygonal because of the pressure of one upon 
another, but when broken from the body they become spherical 
They are probably fat or oil globules and contain a clear nongranular 
substance that darkens with osmic acid. 

THIRTY-DAY OVIC LARVA 

At the end of 30 days the larva (fig. 3) has attained a length nearly 
equal to that of the preparasitic larva. There is a cylindrical stoma 
3/z to 4jLi long by 2g wide, its w all reinforced by the liooplike (?) thiclv- 
enings already mentioned. 'WTietlier these extend entirely around 
the stoma w^as not detennined, but from a study of the morted lining 
they seemed to be more strongly developed dorsally and veiitrally. 
In lateral view they appear as 2 or 3 pairs of dark spots (fig. 2, f?). 
As the diarneter of the esophageal tube is less than that of the stoma, 
the latter is narrowed somewhat where it joins the former. This 
reduction in width takes place on the dorsal side, causing in profilt‘- 
view a shghtly asymmetrical appearance. 

The anterior portion of the esophagus is well differentiated; it is a 
subcylindrical structure 210/i in length and possesses three noticeable 
sw^ellings or enlargements. The first (fig. 3, oe enl {!)) is at the 
anterior end and- contains the developing odontiuin . i^osteriorly the 
diameter decreases rather gradually to about 6 m to T/x. The second 
enlargement (fig. 3, oe enl {2)) is slightly anterior to the nerve ring. 
Here the width increases gradually to about 12^, then decreases to 
4g or 5 m. This width is retained for a distance of about 80/x and then 
again increases to 10/x or 12 m to form the posterior enlargement or 
bulb (fig. 3, hlh). The bulb is partly obscured by granules jind 
globules, wiiich fill the body from this point posteriald. 

A distinct esophageal tube, 0.5m to Ig in diameter, occmii's witliin the 
esophagus throughout this anterior part. Embedded in the <lorsal 
wall of the esophageal enlargement at the nerve ring and with a 
diameter two-thirds as great as that of the enlargement itself, is a 
large, clavate cell (fig. 3, cl). The wider end of the cell is directed 
cephaiad and the^ narrower end extends tlnough the nei*ve ring. A 
spherical nucleus is located near the anterior end of the cell. As seen 
m lateral aspect tliis cell is 30m long by 8m wide. Extending caudad 
esophageal bulb for a distance of 200m) the posterior portion 
^ 1 - j esophagus (fig. 3, post oe) can be faintly seen. It is nearly 
cylmdncal, has a diameter two-thirds as great as the corresponding 
body diameter, and is packed with granules or globules that are 
smaller and difierent in appearance from those that surround and 
paitly obscure it. This structure probably includes not only the 
esophagus proper but the primordia of the glands and other organs 
later associ ated wuth it, although they caimot now be distinguished , 

be'ii^SoS^average siz"?. descnptioiiy were derived from a or 4 specimens selected os 
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Back of the esophagus the developing intestine (fig. 3, int), 50^ 
long, is faintly visible. On the ventral side, at the junction of the 
intestine and esophagus, is located the priinordiuxn of the reproductive 
system (fig. 3, gen pri). It is apparently composed of two cells, each 
of which is 15 n to 20ju long by 6ju to S/j wide. Caudad from the 
posterior end of the intestine the body is filled with a continuous 
cylindrical mass of closely packed granules and globules. 

FORTY-DAY OVIC LARVA 

At the end of 40 days the ovic larva (fig. 4) is very similar in 
structure to the preparasitic larva. 'The esophagus is composed of 
an anterior and posterior part. The anterior part is possibly homolo- 
gous to the corpus and the posterior part to the isthmus and bulb 
as found in certain other nematodes. In the anterior part the 
swellings noted in the 30-day larva have disappeared, and there 
remains a cylindrical structure 4/x in diameter containing a con- 
spicuous tube 1.5/x to 2fj, in diameter. At about 220jLt Irom the 
cephalic end of the animal the esophagus enlarges to a width of lOju 
and at the point where this enlargement begins the character of the 
lumen is abruptly altered. This change is from a tube more or less 
circular in cross section to one with a triradiate cross section and 
marks the junction of the anterior and posterior parts of the esopha- 
gus. The posterior part has a length of about SOOju. Its anterior 
end has the form of a bulblike swelling (fig. 4, bib) 35^ long by lO^u 
mde. The remaining position, 245jLi in length, while perhaps struc- 
turally similar to the bulblike swelling, is greatly modified in shape 
by the presence of three large glands. The largest of these glands 
(fig. 4, subd oe gl) is right subdorsal in position. It first aj^pears in 
about 35 days as a subcylindrical structure extending aiiteriad from 
the base of the esophagus about two-thirds the distance to the bulb- 
hke enlargement. In a 40-day larva it has increased considerably 
in diameter, extends farther anteriad, and often appears to have a 
branched anterior end. ^ It is filled with closely packed, nearly 
spherical globules averaging about Sjn in diameter. At its anterior 
end a mass of similar globifies often forms a separate body, the size 
and shape of which differ in different specimens. On the left sub- 
ventral side there are eventually developed two smaller glands. 
These, however, are usually not discernible at tins stage and will be 
discussed in connection with the preparasitic larva. The excretory 
pore is opposite the nerve ring. The pore itself was not seen, but the 
duct leading to it can usually be detected. 

The genital primordium (fig. 4, gen pri) remains about the same as 
in a 30-day larva. The intestine has increased slightly in length, but 
otherwise it has changed little. The granules at the posterior end of 
the intestine are arranged in transverse rows (fig. 4, iiA), preparatory 
to the formation of the node, a structure to be described later. 

When a 30- to 40-day larva is removed from the egg sometimes the 
cuticle is seen separating from the body at the two extremities. This 
is the beginning of the first molt. As molting progresses the cuticle 
is frequently invaginated at the anterior end because of the lining of 
the esophagus (fig. 2, K). The cuticle finally breaks at some point 
on the body, and the anterior portion is pushed off over the head and 
the posterior portion over the tail. In an egg containing an almost 
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fully developed ovic larva the east cuticle can usually be seen wound 
into a ball and located near the center of the egg. At a temperature 
of 12^ to C., molting begins within 1 to 2 months. The lining of 
the stoma and of the esophageal tube, as well as the rings (?) rein lorcing 
the wall of the former, are shed with the old cuticde. Sometimes the 
outer cuticle breaks from the lining of the esophageal tube and stoma, 
and the latter is left protruding from the mouth. In one instanc‘e 
of this kind the ejection of this lining was completed while tlie speci- 
men was under observation. The length of the ejected lining was 
equal to the distance from the anterior end to a point opposite tlic 
genital primordium, indicating that this entire region oi the alimentary 
tract is cuticular-lined stomodaeum. 

TIME OP HATCHING 

At the beginning of winter each adult female is surrounded by the 
eggs produced by her during the preceding summer All stages of 
development are represented, many eggs containing fully developed 
ovic larvae. While an occasional egg will hatch during the winter, 
hatching, for the most part, is suppressed until the advent of warm 
spring weather. 

On November 27, 1924, three females were dug from the soil in such 
a manner that the eggs surrounding them were not disturbed. Each 
female was placed in a container devised for the purpose, and inburied. 
When first examined on February 4, 1925, some of the eggs had 
already hatched, and in every container a few larvae were found in 
the soil near the eggs. On April 22 larvae could not be found around 
any of the egg masses, but on May 5 three activ e larvae were seen in 
one of the containers. On May 19, active larvae were fairly numerous 
in all thi'ee containers. On June 2, active larvae were present but 
not so numerous as on May 19. On June 21, active larvae were 
again fairly numerous. Howwer, the egg masses had not been 
noticeably depleted and the number that had hatched up to this time 
represented but a very small percentage of the total number of eggs 
present on November 27. On J uly 12, the soil in one of the containers 
was teeming with active larvae and nearly all of the eggs had hatched. 
In the other two containers the eggs had all hatched and the larvae had 
apparently migrated, for none was found. 

From the foregoing observations it appears that, in the region of 
Falls Church, Va., in spite of a limited amount of hatching during 
winter and early spring, the greater part of the larvae emerge betwetm 
late June and the middle of July. 

PREPARASITIC LARVAL STAGE 

STRUCTURE OF THE PREPARASITIC LARVA 

Ovic larvae, when kept at room temperature, appear to be fully 
developed within 50 to 60 days. However, they do not leave tlu^ 
egg immediately. In nature, as already noted, a larva which becomes 
fully developed during late summer wUl ordinarily remain within the 
egg until the following spring. 

Preparasitic larvae (fig. 5) vary in length from 4.42 to 5.59 mm, the 
majority being from 5 to 5.10 mm. This does not include individuals 
hatched from the smaller type of eggs previously referred to, th(^ 
taxonomic status of which will be discussed later. The width of tlic 
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body is as follows: At the base of the spear, 16 m to 17^; at the nerve 
ring, 20yu to 22m; at the esophageal bulb, 22m to 24m; at the base of 
the esophagus (region of the genital primordium), 23m to 25m; slightly 
posterior to the node, 20m to 22m. , The body is divided into an anterior 
region, which contains the principal organs, and a posterior region, 
which is a food-storage region and a propelling organ. These two 
body regions are separated by the node (hg. 5, ndf where an automatic 
amputation takes place when the larva enters its host. The cuticle 
is 1.5m to 2m thick and appears smooth. If it is transversely striated 
the striae are exceedingly^ difficult of resolution. The head is rounded 
and bears six small papillae. The amphidial openings are situated 
6.5m from the anterior extremity. In carmine-stained specimens the 
internal amphidial structure is conspicuous, extending posteriad to 
a point 4m distant, where it seems to end abruptly, the stain not 
having penetrated farther. The odontostyl (fig. 5, odsty) is from 
33m to 37m long and is composed of an enlarged subconical pointed 
head 8 m long by 3m wide and a posterior shaft 2 m wide and very 
slightly expanded at its base. The entire structure is hollow, with 
the anterior opening on the ventral side. The odontostyl is sur- 
rounded by weU-developed muscles. 

The anterior portion of the esophagus is about the same as that 
already described for a 45-day ovic larva. Transverse sections 
through the cuticularized esophageal tube show that a thin layer of 
tissue surrounds the tube, although the total diameter of the esoph- 
agus in this region does not exceed 4m. While in general the tube is 
circular, in transverse section its shape is often suggestive of a trira- 
diate origin. In parasitic larvae the triradiate character of this part 
of the lumen is sometimes very apparent. 

About 245m from the anterior end of the body the esophagus widens 
to form a bulblike enlargement (fig. 5, bib) 10m in diameter, which 
possesses distinct radiating muscles. As previously noted, the lumen 
changes abruptly in character at the anterior end of the bulb. The 
posterior portion of the esophagus is partly obscured by the eso- 
phageal glands, which extend nearly to the posterior margin of the bulb. 
The anterior end of the largest gland (fig. 5, subd oe gl) lies about 
35m behind the anterior end of the bulb, and the gland extends caudad 
the entire length of the esophagus, a distance of about 270m. It is 
right subdorsal in position and is packed with clear, spherical globules 
1m to 1.5m in diameter. There is a region at its anterior end which 
is somewhat different in appearance and either contains a small group 
of globules somewhat separated from the others, or lacks globules 
and is filled with a homogeneous nongranular substance. The two 
smaller esophageal glands (fig. 5, subv oe gl) are left siibventral in 
position and are filled with a homogeneous substance of a granular 
appearance. Their anterior ends he slightly behind the anterior 
ends of the subdorsal gland. They extend caudad 90m to 100m and 
at their widest point have a diameter of 6m to 8m. A nucleus is 
situated near the anterior end of each. These glands communicate 
with the lumen of the esophagus through pores. The esophagus 
proper lies between these glands and is slightly compressed by them. 
In cross section it appears as a somewhat triangular structure, almost 
axial in position, with the lumen near its center. Sixteen rather 
conspicuous nuclei are found in this region of the body. Posteriorly 
they have a tendency to be arranged in pairs, one on each side of 
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the esophagus, although their position varies somewhat in different 
specimens. They are spaced more or less equidistant and the first 
pair lies slightly; in front of the posterior end of the subventral glands. 
They are nuclei in the primordia of the so-called ‘^stichocytes.’' 

Tlie intestine (fig. 5, int) is SOju to 90ii long and extends from the 
base of the esophagus to the node. It is without a distinct lumen 
and contains two kinds of granules arranged in a loose network. The 
smaller and more numerous of these granules do not stain intra-vitam 
with neutral red, while the larger granules stain promptly. In the 
anterior two-thirds of the intestine, ceU walls could not be seen, but 
in the posterior part definite transverse walls are present, becoming 
more conspicuous near the node. A varying number of prominent, 
slightly concave, transverse septa mark the position of the node. 
One or sometimes several of the most posterior septa have their 
convex surface posterior, while the others have their convex surface 
anterior, and between these there is a small clear space. It is at 
this point that the amputation of the caudal portion of the body 
takes place; the septa remaining on the body proper form a plug, 
which prevents the body contents from exuding. The part posterior 
to the node constitutes about 80 percent of the total length of the 
larva. The widtli back of the node, 20^ to 22^, is sHghtly less than 
that in front of the node, and the caudal portion retains this width 
throughout two-thirds of its length. It then gradually tapers pos- 
teriorly, ending in a pointed terminus, which may sometimes be 
curved at the tip. Except for a terminal portion of about 200m, it 
is filled with a monifiform series of about 50 cells. Each cell has a 
central nucleus surrounded by a network of protoplasm containing 
spherical refractive globules up to 5 m in diameter and smaller granules 
of 1m or less. The cells are separated by a clear space containing 1, 
or occasionally 2, refractive, irregular-shaped crystals. 

In a 25- to 30-day ovic larva the entire caudal portion, except for 
a short terminal region, is packed with spherical globules forming a 
continuous cylinder. In about 40 to 45 days these globules become 
so arranged as to form short cylindrical ^‘segments ’k each of which 
is separa^ted from those adjacent by a narrow space. Back of the 
node these segments are 20m to 30m long and increase in length pos- 
teriad until they become 70m to 80m long near the posterior extremity. 
As the larva develops, the clear spaces separating the segments in- 
crease in size, and at the time of hatcliing each usually contains a 
small crystal (fig. 5, crijst). As the larva becomes older the globules 
decrease in number and after a few days have nearly all disappeared. 
At the same time the clear spaces grow larger, and there is a slight 
increase in the size of the crystals. These globules, which do not 
stain intra-vitam with neutral red, are probably reserve material 
which is gradually utilized. The contents of the clear spaces,^ in- 
cluding the crystals, are interpreted as waste products of metabolism. 
Among the globules are smaller granules which stain deeply with 
neutrm red, in this respect resembling similar granules in the 
intestine. 

MIGRATION TO THE HOST 

After hatching, the preparasitic larvae must migrate to the surface 
of the soil to locate their insect hosts. Although Melanoplus femur- 
Tuhrum, like many Acridiidae, deposit their eggs in the soil, the writer^ 
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regards it as improbable that nymphs become infested before leaving 
the soil. Such a possibility is precluded in the case of Orchcli mum 
vulgare Harris and many other tettigoniids by the fact tliat eggs arc 
deposited in the stems of plants. Observations made both on grass- 
hoppers in the field and on those hatched and reared in tlie laboratorY 
indicate that nymphs of M. femjtr-riihrum do not often <‘ome into 
actual contact with the soil, but tend to feed and rest on grass and 
other vegetation. Observations made at night revu>aled nymphs of 
this and other species of grasshopper resting on the ])lants and not 
on the ground. It appears necessary that the preparasitic larvae 
climb the grass and other vegetation in order to reach their hosts. 
As drying is fatal, this climbing must be done either at night or early 
in the morning while the grass is wet with dew, or during rainy 
weather. That the larvae will climb a moist surface has been demon- 
strated in the laboratory, where they were found ascending the glass 
sides of an insect cage. 

METHOD OF ENTEIUNO THE HOST 

Although the writer has never observed the entrance of the jirepara- 
sitic larva into the host in nature, experimental infestation of insects 
in the laboratory is easily accomplished. As the eggs of both Agamcr- 
mis decaudata and Melanoplus femur-ruhrum hatch readily when 
brought into the laboratory, an abundance of young individuals of 
both host and parasite may be had throughout the winter for experi- 
mental purposes. To infest a grasshopper nymph with A. decaudata 
the following method was employed and proved satisfactory. 

A glass slide was placed on a turntable and with a small candle a 
wax ring (fig. 6 , a) about one-fourth of an inch in diameter was run 
on. With a scalpel a narrow channel was made through this ring at 
two points (6, c), in which was laid a long hair. One end of the hair 
was sealed down with a drop of hot wax (d), which at the same time 
closed that channel. The nymph was wet by being shaken in a vial 
containing water. This not only rendered the nymph less active 
and easier to handle but facilitated the entrance of the larvae. With 
a moistened camehs-hair brush, the nymph was transferred to the 
slide and placed on its side within the ring. Tlie hair was dr’uwri 
across its body just back of the pronotum. The free end of the hair 
was then sealed dowm with a drop of wax, which at the same tiinc^ 
closed the other channel. A nymph thus pinioned may be hehl 
securely for a long time without injury. The nymph should rest in a 
drop of water in which are placed active preparasitic larvae. 

The larvae swim rapidly at first, moving in an apparently aimless 
way, often following the periphery of the drop, and are not noticeably 
attracted by the presence of the insect. After a few minutes some 
may be seen with their heads pushed against the nymph or inserted 
between the segments. Entrance does not necessarily follow this act 
as the larvae may move or be kicked away and resume their apparently 
aimless swimming. Soon, however, detached caudal ends will usually 
appear, and if the detached anterior ends cannot be seen it may be 
assumed that infestation has taken place. The activity of the nymph 
often breaks larvae at the node before they have had an opporttinity 
to enter. The detached anterior ends continue active movement and 
have been seen attempting to bore their way into the nymph, but 
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hampered by the loss of their propelling mechanism, probably never 
succeed. The larvae appear to attack the nymph at any point with- 
out preference, and ha ve on occasion been seen boring at the distal end 



Figure 6 —Device with which grasshopper nymphs were experimentally infested: A, Glass slide with 
wax ring (a) divided at two points (6, c); B, wax ring {a) closed at one point by drop of wax (d) m which 
IS embedded end of hair (e), C, wax ring (a) closed by second drop of wax (/), with, nymph fastened in 
center by hair (d). 

of the posterior femur. They seem able to penetrate more easily 
through the thorax, and probably the majority enter near this region. 
Despite the fact that the entire operation can be kept under the closest 
scrutiny, it is exceedingly difficult actually to see^the larvae go in. 
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Figure 7,~Parasitic larva of Agamermis decaudata^ about 6 to 8 days 
m the host, lu which the postnodal portion of the body was not de- 
tached when the larva entered the host: nrf* Node; postnd, postnodal 
region of body; stic, stichocytes, troph, trophosome (modified intes- 
tine). 


Because of their mi- 
nute size and the high 
magnification neces- 
sary to follow their 
movements carefully, 
they are lost from view 
immediately they 
come into contact with 
the nymph. In only 
a few cases, where light 
conditions were excep- 
tionally favorable, 
were larvae seen in the 
process of entering. 
The time necessary for 
making the puncture 
varies considerably. 
Sometimes they pene- 
trate within 1 to 2 
minutes and at other 
times they bore for 5 to 
10 minutes. Once the 
head is inserted they 
enter immediately. 

At this time they 
usually break at the 
node, leaving the pos- 
terior portion of the 
body outside the host, 
although occasionally, 
the amputation does 
not take place and the 
posterior portion is 
carried in (fig. 7). 
Although the break- 
ing at the node may 
usually be caused by 
the activity of the 
host, this is not neces- 
sarily true. In one 
experiment a 1-day- 
old nymph of Melano- 
plus femur -rub rum 
was pinioned on a slide 
and 10 active prepar- 
asitic larvae were 
placed around it. Ex- 
cept for some move- 
ment immediately 
after it was pinioned, 
the grasshopper re- 
mained absolutely 
quiet. In about 5 min- 
utes 2 detached pos- 
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terior ends and 1 detached anterior end were seen; a few minutes 
later another detached anterior end was noticed, and finally a larva 
was seen actually breaking at the node. The breaking of this larva 
before the anterior end had penetrated the host could not have been 
due to any movement of the nymph. 

By counting the larvae and the detached anterior and posterior 
ends that remain on the slide after the nymph is removed, it is possible 
to approximate with considerable accuracy the number of larvae that 
have entered. In 88 experiments in infesting first-instar nymphs of 
Mel'anoplus femur-riihrurrij 519 larvae were used, of which 304, or 58 
percent, succeeded in entering. These figures were secured by actual 
dissection of the hosts. 

TWO TYPES OP LARVAE 

A difference in the size of eggs deposited by females of different 
lengths has already been mentioned (p. 163). There is an even more 
pronounced difference in the size of the larvae that develop from these 
eggs. Preparasitic larvae from eggs of the smaller type range from 
2 to 2.18 mm in length, the distance from the head to the node being 
370/^1 to 410jLt, and the distance from the node to the caudal extremity 
1.64 to 1.77 mm. Preparasitic larvae from eggs of the larger type 
range from 4.42 to 5.57 mm in length, the distance from the head to 
the node being 610^ to 840^ and the distance from the node to the 
caudal extremity 3.84 to 4.81 mm.^ 

Cobb, who studied these larvae in 1923, regarded the smaller type 
as probably a different species. The following is quoted from unpub- 
lished notes by this investigator: 

These larvae closely resemble those of Agamermis decaudata but with the fol- 
lowing diffe**ences: They are much smaller; the node is differently constructed; 
there are about half as many trophocytes ® (33) ; the tail end is hamate and there 
is a more decided difference in the diameters of the cephalic and caudal parts. 
In A. decaudata about 8 to 10 cells take part in building the node, while here 
apparently there is only one such cell, so that instead of presenting a roU-of-coin- 
like series of cells just in front of the node there is but a single, hattish, refractive 
cell (?) at the node. There is a difference also in the nodal contour below the 
subcuticle. The constriction is larger and more conspicuous than in decaudata, 
in which sometimes there is very little evidence of a constriction. Opposite the 
constriction in the present species is a single roU-of-coin-like cell; behind the 
constriction what may be called the protoplasmic portion of the interior of the 
nema expands, approaches closely to the cuticle, and then retreats, indicating the 
presence of a rather sharp encircling ridge under the cuticle immediately behind 
the constriction. Behind the ridge is an almost imperceptible, very shallow, 
second constriction. Notwithstanding these changes in the countour of the 
interior portion of the nema, the contour of the body itself vanes but very little, 
there being only a decrease in diameter, sometimes almost imperceptible, oppo- 
site the before-mentioned ridge. Another marked difference in these larvae 
is the hooked condition of the tail end, which has somewhat the form of a fishhook, 
the curvature being aU of 180°. The terminus is acute. Almost at the terminus 
on the ventral side there is a slight irregularity in the ventral contour, so that there 
is a slight asymmetry at the apex. 

It should be mentioned that the number of elements (cells?) which 
make up the node is subject to some variation in both types of larvae, 
and that sometimes larvae of the larger type have the hooked caudal 
extremity nearly as pronounced as those of the smaller type. Except 
for size, the two types of larvae are certainly very similar morpholog- 
ically, a condition which is equally marked in the adults. 

6 The term “trophocytes”, as used by Oobb in this connection, refers to the cells or elements in the post- 
nodal part of the body and not to structures associated with the modified intestine or trophosome. 
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On January 4, 1928, four nymphs of Melanoplus femur-rnhrum wei'e 
exposed to active preparasitic larvae of the smaller type. An aJtoiupt 
was made to infest the nymphs with one parasite each. The y:rass- 
lioppers were dissected on February 16. Two were not parasitized, 
one harbored a female mermitliid 16.5 cm long, and one a, female 
mermithid 35 cm long. This experiment shoiJd, of course, be repeated 
and the mermitliids reared to maturity. However, several hundred 
experimental females have been kept under observation by the writer, 
and eggs of the smaller type have never been deposited by females 
exceeding 15 cm in length. The rearing of a female 35 cm long from 
a preparasitic larva of the smaller type does not support the conten- 
tion that these smaller larvae are a different species. The writer is 
inclined to regard the size differences of eggs and preparasitic larvae 
as due to some host influence. It is one of the many unsolved prob- 
lems that await future investigators of this group of ])arasites. 

PARASITIC LARVAL STAGE 

The rate of parasitic larval developmeut is subject to considerable 
variation. This is due in part to individual differences in the larvae, 
for parasites that enter the same host at the same time do not develoj) 
at the same rate. The age and physical condition of the host are also 
important factors. When newly-hatched grasshopper nymphs are 
infested the rate of development of the parasites is somewhat slower 
than when the nymphs are several days old. If infested nymphs are 
subjected to a temperature low enough to render them inactive and 
reduce food consumption the development of the parasites is notice- 
ably retarded. 

THREE DAYS IN THE HOST 

There is little change in the length of the larva during the first 3 
days in the host. The vddth increases slightly. The subdorsal 
esophageal gland is less conspicuous, although remnants of it can 
usually be seen. In one specimen, examined alive, the outline of tlic 
entire gland was visible. Although appearing nearly empty it still 
contained scattered masses of what seemed to be partly degen crated 
globules which moved backward and forward with the movement of 
the animal. Traces of the sub ventral glands may sometimes be seen, 
but in most cases they have disappeared. Conspicuous unicellulai* 
structures occur in the esophageal I'egion of many mermithids and 
have been termed ''stichocytes” by Steiner (W). They may occur as 
isolated structures or, as in the present case, they may lie close together 
and form a distinct body which has been called a ‘‘ stichosomo.’^ 
Recent investigations by Chitwood (1) have demonstrated that each 
sticbocyte is an esophageal gland and communicates with the lumen 
of the esophagxis through a pore. After xigainermis decaudata ha.s 
been 3 days in the host the stichosome contains 16 large and con- 
spicuous nuclei, but the contour of the individual stichocytes is 
obscure. 

FOUR DAYS IN THE HOST 

The length of a 4-day parasite (fig. 8) is still not appreciably 
greater than that of a preparasitic larva from the anterior end to the 
node. Its maximum diameter has increased and is now 25n to 40g. 
The esophageal bulb has increased somewhat in length and its anterior 
part is drawn out into a long neck. It still undergoes rhythmic mus- 
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the year from grasshoppers collected in a particular locahty show a 
tendency to be in approximately the same stage of development. This 
is in marked contrast to the case of Mermis subnigresceris, where it is 
common for a host to liarbor parasites in widely different stages of 
development. 



Figure 11 —Parasitic larva of Agamermis decaudata 14 days iu tbe host bib, Bulblike enlai’gement of 
esophagus; gen pri, genital priraordiuiii, nrv r, nerve ring; stic, stichosome (esophageal glands), troph, 
trophosome. 
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When grasshoppers were collected in early August and confined in 
cages, the parasites that emerged during the follomng week included 
many males. When the grasshoppers were collected during the lat- 
ter part of August, the parasites were largely females, and when the 
grasshoppers were collected during September, the parasites were 
almost exclusively females. Table 2 is based on nymphs of Melanoplus 
femur-rubrum that were reared in the laboratory and experimentally 
infested. 

In cases where both males and females are harbored by the same 
host, all frequently emerge simultaneously at about the normal time 
for the emergence of the males. Some of these prematurely emerged 
females survive and some die, depending, apparently, on the extent 
of development at the time of emergence. 

While the duration of the parasitic stage is subject to considerable 
variation, it is usually from 1 to IK months for males and from 2 to 
3 months for females. 

Table 2. — Duration of the parasitic larval stage of Agarnermis decaudaia 


Parasites per host 

Period 
from in- 
festation 
to emer- 
gence 

Paiasites per host 

Period 
from lu- 
fcstation 
to emer- 
gence 

Females 

Males 

Sex not 
deter- 
mined 

Total 

Females 

Males 

Sex not 
deter- 
riiiried 

Total 

Number 

Number 

Number 

Number 

Daj/s 

Number 

Numbe) 

Number 

Number 

JJavs 


2 

2 

4 

30 

1 



1 

si 


2 


2 

33 

1 



1 

SI 

2 

2 


4 

38 


2 


2 

35 


2 


2 

44 


.5 

1 

0 

.11 


2 


2 

31 







EFFECTS OP THE PARASITE ON THE HOST 

There is no doubt that grasshopper nymphs can be infested with a 
sufficient number of Agamermis decaudata to cause the death of the 
host. It is difficult to determine how many are necessary. The 
writer at one time regarded from 8 to 10 as usually constituting a 
lethal infestation, but this estimate was based on hosts reared in the 
laboratoiy and may not be true for grasshoppers in them natural 
environment. The number of parasites that an animal will some- 
times tolerate is one of the astonishing things about parasitism. 

Although over 3,000 infested grasshoppers, collected in the vicinity 
of Falls Church, Va., have been examined, only 1 harbored as many 
as 4 Agamermis decaudata parasites, and instances of 2 and 3 parasites 
per host were comparatively rare. But, strangely enough, on one 
occasion 7 larvae of this species were dissected from the small coc- 
cinellid beetle Ceratomegilla fuscilabris Mulsant. That grasshoppers 
can be infested with a large number of parasites of this species has 
been demonstrated in the laboratory, where as many as 27 larvae 
have entered 1 nymph. However, one parasite per host (fig. 12) 
appears to be the usual number in nature, and evidently death from 
overinfestation is not a co mm on occurrence, 

Mermithids usually kill their host at the time they emerge. Craw- 
ley and Baylis (6), in the case of ants, found that ‘‘after the emergence 
of the worm the ants became veiy active but their death was only 
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deferred a short time.’^ Strickland (21) states that Simuliurn larvae 
were always finally killed when the merniithid bored its way out to 
escape into the water. Glaser and Wilcox (8, p. IS) observed, in the 
case of Melanoplus atlanis and M. biinttatusj that ^^when the worms 
are about to emerge, the grasshoppers fall over on one side, kick for 
a time, and then die.” 

The writer has observed the emergence of Agamermis decaudata 
many times. The parasites came out head foremost, forcing their 
way through the body wall between the segments, most often in the 
region of the thorax. In no case were they seen emerging through 
the mouth or anus. A half hour or more was often required for the 
process, during which time the grasshopper might be quite active, 
dragging the mermithid around and otherwise treating it roughly, a 
fact winch may account for the rather common occurrence in nature 
of injured postparasitic larvae and adults. In some cases the nema, 
when about half way out, coiled around a blade of grass and entirely 
extricated itself as the grasshopper moved away. 



Figure 12 — Nynipb of Melanoplus femur-rubrum with parts of body wall dissected away to show position 
of parasite. Tins {irasshopper contains one female Agamermis decaudata, which is approximately full- 
grown. 

The immediate effect upon the grasshopper is a partial paralysis of 
the legs and an inability of the insect to maintain its equilibrium. It 
will f^ over on one side, then right itself and crawl slowly around, using 
its fore and middle legs with appaj*ent difficulty and often dragging 
its hind legs. These movements ^become more sluggish until finally 
it falls over and remains quiet as if dead, but will move if disturbed, 
and may live for several hours. A grasshopper from which a mermi- 
thid has emerged during the day^ may still be alive when the labora- 
tory is closed for the night, but it is always dead the following morning. 

The external structure of some insects is noticeably changed by the 
presence of mermithid parasites. This is especially true in the case 
of ants. Inasmuch as Wheeler (22) has carefuUy discussed this phase 
of the subject, it will not be reviewed here. The writer has not been 
able to detect, at any stage in their development, a noticeable external 
difference in structure between parasitized and nonparasitized grass- 
hoppers. 
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In eveiy cuse where the writer has examined an adult female 
Mela no plus femur-riib rum parasitized with Agarnermis decaudata, the 
ovaries were reduced in size (llg. 13), and in many instances were 
vestigial The extent to which the female gonads arc reduced de- 
pends on the time the infestation was acquired and the number and 
size of the parasites. In the case of Mennis suhuigresrens, where 
infestation may take place at any stage in the life of the host, tlic 
time of infestation and the number of parasites become important 
factors in this connection With ^1. decaudata^ of which one parasite 
eacii IS usually acquired vliile the nymphs are young, these factors 
cause less variation in the female gonad development of their liosts, 
Wlien an adult grasshopper is found parasitized with a single .1. 



Figure 13 —Melanoplm lemur-rubram dissected to show female repioduOive oriians of C 1) luiniiul adult 
and (B) one from which AjameTiuis decaudata has emerp:ed. Oas cue, gu.sti ic cuccsi; inf, iidastme, o vid; 

ord, oviduct; spthc, spermatheea 


decavdata the parasite is usually a female. This is probably because 
males of tHs species, having a shorter pai‘asitic stage, usually emerge 
before their hosts reach maturity. Consequently the oases of female 
gonad suppression that have come to the writer’s attention ha\^e been 
those in which grasshoppers harbored reiati^^ely large mermithids. 
To what extent the smaller male parasites affect the female gonacl 
development of theix- hosts is not known. 

The male gonads of Melaiioplus femur-rub rum. are much less affected 
by the presence of mermithids than are the female gonads. In many 
instances the testes are not materially reduced in size, and all para- 
sitized male grasshoppers examined by the writer seemed capable of 
producing spermatozoa. In several instances copulating pairs of both 
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AI. femur-rub ru'oi and M. buuttatus have been captured, and on 
examination the male was found to harbor a niermithid. 

Specimens of AlelanopJus femur-ruhrum collected from the middle 
to the latter part of September were largely adults, with a few indi- 
viduals still in the nymph al stage. In several instances nearly all 
such nymphs were parasitized, although not over 10 percent of the 
adults were infested. The probable explanation of this became 
apparent when it was noted that in cage-reared grasshoppers para- 
sitized individuals were still in the nymph stage long after uninfested 
individuals, hatched at the same time, had reached maturity. This 
retarded development of infested grasshoppers is sometimes very 
pronounced. 

EFFECTS OF THE HOST ON THE PARASITE 

In an earlier paper {2) it was demonstrated that in the case of 
Mermis subnigrescens a large number of mermitbids per host resulted 
111 the development of male parasites and a small number of mermi- 
thids per host in the development of females. It was suggested that 
this is probably also true in the case of Agamermis decaudata. The 
manner m which M, subnigrescens is acquired often results in succes- 
sive infestations, and a single host may harbor 20, 30, or, on rare 
occasions, over 100 parasites. In the case of A. decaudata, as already 
noted, a grasshopper harboring more than two or three parasites has 
rarely been found. Nevertheless, males of AI. subnigrescens, while 
easily reared in the laboratory, are seldom encountered in nature, few 
specimens ever having been collected. Males of A. decaudata, on the 
other hand, are always more numerous than the females and are 
easily collected in large numbers. Males of this species can and do 
develop in grasshopper hosts, although when these insects are col- 
lected and confined in cages the number of males that emerge is sur- 
prisingly small. But insects other than grasshoppers are infested with 
A. decaudata. In the vicinity of Falls Church, Va., the coccinellid 
beetle Ceratomegilla fuscilabris and the leaf hopper Draeculaceghala 
mollipes (Say) both regularly harbor this parasite, and on several occa- 
sions unidentified crickets have been found infested. ^Tien the 
coccinellid beetles were collected and confined in cages, the few para- 
sites that emerged were males. It seems probable, therefore, that 
some of these smaller insect liosts contribute toward the development 
of males of ^1. decaudata. 

COMPARATIVE INFESTATION OF MALE AND FEMALE GRASSHOPPERS 

When examining Alelanoplns bivittatus and AI. atlanis collected near 
Dummerston Station, Vt., Glaser and Wilcox (8) found parasitized, on 
an average, about 45 percent of the females but only about 9 percent 
of the males. The data in table 3, based on an examination of over 
3,000 specimens composed largely, but not exclusively, of three 
species, namely, Ad. femur-rubrum, Orchelimum vulgare, and Oono- 
cephalus brevipenne (Scudder), show no such difference between the 
percentage of infestation in the two sexes. 

Table 3 was compiled from dissections begun in early July and 
continued throughout the year as long as grasshoppers could be col- 
lected. A large percentage of the material examined, however, 
consisted of nymphs. 



190 


Journal oj Agricultural Besearch 


Vol. 62, no 3 


POSTPARASITIC LARVAL STAGE 

MIGRATION TO THE SOIL 

Once free from the host, the postparasitic larvae enter the soil. 
This migration is probably one of the vulnerable points in the liie 
cycle. In breeding cages where the soil is hard or crusted over, many 
newly emerged parasites perish, and one often finds their dried and 
tightly coiled remains on the surface of the soil or clinging to foliage 
put in to serve as food for the grasshoppers. It seemed possible that 
wet or humid conditions might stimulate fully grown parasitic larvae 
to emerge, and the writer attempted to test this by thoroughly wetting 
cages containing infested grasshoppers, but was unable to show in a 
convincing manner that the water had any effect. In every case 
where emergence has been observed it took place during the day, 
showing that this act is at least not confined to the night. In nature, 
the soil ordinarily is not very hard or dry beneath thick herbaceous 
vegetation and the ground is penetrated to a surprising extent by 
the galleries of various organisms. 


Table 3 — Comparison of the number of male and female grasshoppers infested 
with Agamermis decaudaia 


Family 

Males 

Females 

Total 

exammed 

Infested 

Total 

examined 

Infested 

Acndiidae i 

Nn mber 
981 
367 

Number 

105 

72 

Percent 
10 7 
19 6 

Number 

1,304 

457 

Number 

134 

Percent 

10 2 
14 6 

Tettigonudae 2 



1 Largely Melanoplus femur-Tubrum 

2 Largely Orchehmum vulgare and Conocephalus brcinpenne. 


Females usually penetrate the soil to a depth of from 5 to 15 cm, 
where they coil themselves into the characteristic knot (fig. 14). 
Here they molt, copulate, deposit their eggs, and die. The vertical 
distribution of these mermithids beneath an area of 9 square feet in 
a field at Falls Church, Va., is shown in table 4. Both adults and 
postparasitic larvae are included. 


Table 4. — Vertical distribution of Agamermis decaudaia in the soil 


Depth (cm) 

Males 

Fe- 

males 

Total 

Depth (em) 

Males 

Fe- 

males 

Total 

1 to5_ 

Number 

1 

37 

12 

4 

Number 

2 

24 

6 

1 

Number 

3 

61 

18 

5 

20 to 25 

1 

I 

Number 

1 

n 

Number 

o 

0 

5 to 10 

10 to 16 

26 to 30 

Total 

15 to 20 

55 

34 

89 


Males apparently do not seek the females until the latter have 
molted or are about to molt, and during the first winter individuals of 
the two sexes remain isolated. The knot of the postparasitic larval 
female is composed of loose loops, in contrast to the tight knot usually 
formed by adults. 
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DURATION OF THE POSTPARASITIC LARVAL STAGE 

Lil^e other stages in the development of this parasite, the duration 
of the postparasitic larval stage varies somewhat with different indi- 



Figure 14 —A knot of Agamermis decaudata, containing a female and several males, in natural position in 

the soil. 


yiduals. A majority of the females molt during July and begin depos- 
iting eggs in August. Information regarding males is less satisfac- 
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tory, but their postparasitic larval development appears to parallel 
that of the females (table 5). 

Table 5 — Duration of the postparasitic larval stage of Agnwernns dccaudala 

Third osamin.dion \u!:;iis(, 
about H iiioatbs after erriei- 
{leiieo 


Cuticle not entirely otT 


Completely molted Erl-s not 
seen 

Completely molted. Ha<l al- 
ready deposited egys ouiest 
embryos 0 to 8 days old. 

T ; 0 ,st 

Completely molted Had not 
deposited egys; probably 
nearly ready to do so 
Completely molted, depo.sited 
numerous eays. Oldest em- 
bryos S to 10 days old. 

Lost 

The duration of the postparasitic larval stage of females is about 
9 to 11 months and, roughly, extends from September to July. Tliis 
appears to be true for males also, although the time of their molting 
has not been carefully determined. 

THE NODAL SCAR 

The elements that constitute the node of the ])reparasitic larvm 
form a plug to prevent the body contents from exuding after tbe 
caudal portion of the body is broken off. Tins structure persists as 
the nodal scar throughout larval development. Tt is a conspicuous 
anatomical feature while the larva is small but becomes increasingly 
less conspicuous as the larva grows, and is difficult to see in the post- 
parasitic larval stage. Its presence constitutes convincing evidence' 
that no molt takes place during parasitic development. 

Immediately before the final molt, females nave a, yellowisli (h’ 
brownish tinge. The old cuticle first separates at the extremities of 
the body, then breaks transversely a short distance j)(>sterior to tlie 
head, and the anterior and posterior portions come off over the head 
and tail respectively. In males, the yellowish tinge preceding the 
final molt is not so noticeable but tbe cuticle is shed in a similar manner 
and at approximately the same time as is that of the females. 

ADULT STAGE 

At the of the final molt both males and leniales ai*e very 
opaque. This opaqueness is due primarily to the trophosome or fat 
body (modified mtestme), which fills all available space in the body. 
1 his structure probably contains the reserve material for all future 
metabolism. As this reserve material is gradually consumed the 
body of the mermithid becomes less and less opaque, and when it is 
exhausted the animal dies. 


Larva 

no 

First e\aramation June 8, about 

9 months after emergence 

Second examination July 11, 
about 10 months after emer- 
gence 

1 

Molt starting, specimen in- 
jured and preserved 


o 

No sign of an approaching molt 

Outer cuticle separating at an- 
terior and posterior ends 

3 

Molt fairly well under way. 
Nema m jioor condition. 
Preserved. 

1 --- 

Cuticle separating at oxtrenu- 
ties of body 

Lost. 

5 ^ . 

No sign of approaching molt - 

Outer cuticle scfiaruted at an- 
terior end 

h 

do 

Not emnuned-. 

7 

- do .. 

Com pleiely molted .. . 

8 , 

^ do _ . . . 

Outer cuticle separated at q \- 
tremities of body 

9 

do _ _ 

Not exammod . 

10 .... 

do - _ . . 

Molt complete. - . 
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In the case of these recently molted first-year females, oviposition 
begins nearly a year after emergence from the host, sometimes in 
July but usually during August, and continues until interrupted by 
cold weather. It is resumed the following June. 

Three gra\ud females were dug from the soil on. November 27, 
and washed free of eggs. Each female, together with the accompany- 
ing males, was placed in a cavity between tw'-o disks of soil, and each 
pair of soil disks was placed in a tin box. The boxes were buried 15 
cm below the surface of the soil. From February until July these 
specimens were examined at intervals of about 2 weeks. Eggs were 
first seen on July 12, although it was believed that in aU three cases 
egg laying had begun 10 to 12 days earlier. 

The foregoing experiment, corroborated by field observations, 
indicates that second-year females begin depositing eggs somewhat 
earlier in the summer than do recently molted first-year females. 
At the end of tbe second summer in the soil, females are very trans- 
parent and the trophosome is nearly exhausted. Experimental 
anhnals usually failed to survive a third winter; two that were recov- 
ered alive the following spring were in a nearty exhausted condition 
and seemed incapable of depositing more eggs. 

A female collected during the winter is surrounded by all the eggs 
deposited during the preceding summer. Egg counts were made on 
six females by the following method. Each knot, together with the 
surrounding soil, was placed in a graduated cylinder, and water was 
added to make 100 cc. After a thorough shaking, a 5-cc sample was 
removed; the eggs were counted and the total number computed. 
The totals were 2,625, 6,530, 5,420, 5,680, 4,780, and 3,430 respec- 
tively. As eggs are deposited during two summers, these values may 
represent about half the total output. 

In a former paper (2) it was pointed out that when females are not 
permitted to copulate they do not dei^osit eggs. Virg^ females, 
after remaining in the soil for as long as 14 months, oviposit when 
males are provided. In view of the prevalence of males, it seems 
unlikely that in nature females are often rendered unproductive 
through lack of mates. Each female is usually accompanied by from 
2 to 4 males, and in one instance a knot was found composed of a 
female and 24 males. Occasionally 2 females vdll be found in the 
same knot, but such instances are rare. 

As previously noted, second-year females do not usually resume 
egg laying until June. Females kept in the laboratory at room tem- 
perature deposit eggs at any time throughout the year. The sup- 
pression of egg laying during the winter seems, at first glance, to be 
a matter of temperature. However, moisture is probably also an 
important factor. If the soil in which ovipositing females are kept is 
moistened beyond a certain point egg la 3 dng stops. In experimental 
work considerable care must be exercised in regulating moisture if 
normal egg laying is to be maintained. In the vicinity of Falls 
Church, Va., Agamermis decaudafa is confined to the so-called ^'bot- 
tom” lands. The soil in these localities is usually saturated with 
water throughout the winter and is frequently flooded for short 
periods. By June the soil usually has become sufliciently diy to be 
tillable. Under these conditions it seems probable that moisture is 
an important factor in retarding egg laying during early summer. 

53336—36 3 
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SUMMARY OF LIFE CYCLE 

The following summary of the life cycle of Agamerm is decaudata is 
based on observations made at Falls Church, Va. The grasshoppers 
referred to are Conocephalus hreripenne and Adelano'plus femvr- 
ruhrunij two of the commonly infested species in this locality. The 
different changes are indicated as taking place during certain periods 
at various times of the year. Although the outline as given is essen- 
tially correct, occasionally an individual may undergo a, certain 
change before or after the time indicated. A few prepara si tic larvae 
enter hosts at least as early as April or as late as August, and the time 
of emergence is correspondingly affected. All males do not neces- 
sarily emerge during July nor all females during August. It is not 
known to what extent the life cycle may be changed when insects 
other than grasshoppers serve as hosts. 

August. — Knot a (fig. 15) is composed of one female Agamermis decaudata 
and several males that emerged from their hosts 2 years previously. The female 
began depositing eggs during August of the preceding year. Knot b is composed 
of one female and several males that emerged from their hosts 1 year previously 
and molted the preceding July. The female is now beginning to deposit eggs 
for the first time. Parasites of the present season, which would now be emerging, 
are omitted for the sake of brevity. After these have emerged and before those 
in knot a have died there exist simultaneously m the soil mermithids of three 
ages. Grasshoppers are also depositing eggs, Melanoplus fernur-ruhrum in the 
soil and Conocephalus hrevipenne in the stems of plants. 

September and October. — The female mermithid in knot a and the one in knot b 
(fig. 15) continue to deposit eggs, and by October several thousands have accu- 
mulated around each 

November and December. — The females of knots a and b (fig. 16) stop laying eggs 
with the advent of cold weather. The mermithids in knot a have nearly ex- 
hausted their supply of stored food material and will not survive the winter 

January and February. — An occasional egg from knots a and h (fig. 16) may 
hatch. 

March and April. — A few eggs from knots a and b (fig. 16) continue to hatch, 
the number increasing slightly. 

May. — Grasshopper eggs begin to hatch during the latter part of the month. 
There is an increase in the number of Agamermis decaudata eggs which are hatch- 
ing, and the infestation of nymiihs begins. 

June.' — The remaining eggs in knots a and h (fig. 17), which comprise a very 
large percentage of those present the preceding autumn, now hatch. The larvae 
migrate to the surface of the soil, then seek out and enter the young grassbopiicr 
nymphs, probably climbing the vegetation while it is wet with dew or rain. 

Eggs are hatching which have been deposited by females of two ages, namely, 
the female a, which emerged about 31 months previous and is now dead, and the 
female 6, which emerged about 19 months previous and which will continue to 
deposit eggs throughout the summer. 

July. — The eggs in knots a and h (fig. 17) have all hatched and the period of 
infestation is over except for an occasional belated infestation The female in 
knot b now resumes egg laying, not having deposited eggs since the previous 
November. 

August. — Uninfested grasshoppers are now depositing eggs. Larval male 
mermithids are emerging from their hosts and entering the soil. 

September. — Larval female mermithids are emerging from their hosts and 
entering the soil. 

October. — The female in knot 6 (fig. 18) continues to deposit eggs. Newly 
emerged males (c, cf) and females (c, ? ) form separate knote in the soil. 

November and December. — The female in knot b (fig. 19) stops laying eggs; she 
is now surrounded by several thousand eggs. 

January and February. — ^An occasional egg from knot b (fig. 19) may hatch. 

March and April. — Eggs from knot h (fig. 19) continue to hatch, the number 
increasing slightly. 

May.— Grasshoppers now begin to hatch. The eggs from knot h (fig. 20) 
hatch in increasing numbers and the infestation of nymphs begins. The mermi- 
thids in knot 6 are dead. 
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Align *it September October 


Figure 15 — Life cycle of Aqamermis decaudata, August to October a, Knot composed of one female and 
several males that emerged from their hosts 2 years previously; 6, knot composed of one female and several 
males that emerged from their hosts 1 year previously. 



Nok -- Dec. J an, — Feh Mar. --Apr. 


Figure 16.— Life cycle of Agamermis decaudata, November to April, a and b, Knots as described in 

figure 15. 



May June July 

Figure 17.— Life cycle of Agamermis decaudata, May to July. Larvae issuing from knots at a and b; female 
in knot,a now dead; female In knot b resumes egg laying. 
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August September October 


Figure 18 — Life cycle of Agamermis decaudata, August to October. Femnle in knoh b, (‘ontmiies to depo 
eggs; males (c, d) and females (c, 9) emerge from grasshoppers and form separate knots. 



Nov- Dec Jan. - fek Man - Apr, 


Figure 19, — Life cycle of Agamermis decavdatn^ November to April. 6, Knot containing female and save 
thousand eggs; c, cT, and c, knots containing male and female larvae, resper^tively. 



May June July 


Figure 20.--Life cycle of Agamermis decaudafa. May to July Adults in knot ft dead, larvae issul 
from knot ft, males from knot c, e, join females in knot c, 9, forming knot c. 
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June — The remaining eggs from knot b (fig. 20) now hatch, and the infestation 
of grasshopper nymphs takes place as during the previous June. The more 
recently emerged postparasitic larvae (c, cj , and c, 9 ) are preparing to molt and 
males have joined or are about to join the females. 

July. — The female and males in knot c (fig. 20) are no^\ molting and the female 
will begin to deposit eggs during August. 

SUMMARY 

Mermithids are common nematode parasites of many insects. 
Agamermis decaudaia^ a parasite of grasshoppers and some other 
insects, is found throughout the northeastern part of the United 
States, southward to Virginia and westward to Nebraska. The 
present paper is based on studies made at Falls Church, Va. 

The adults of this parasite occur in the soil, where eggs are deposited. 
Hatching takes place between late June and mid-July. Larvae 
migrate to the surface of the soil, climb the vegetation, and enter the 
body cavity of recently hatched grasshopper nymphs by penetrating 
the body wall. The parasites remain in the host from 1 to 3 months 
and complete their growth. They then emerge by forcing their way 
thi'ough the body wall and enter the soil. Molting takes place the 
following summer and females begin depositing eggs. 

Infested grasshoppers are retarded in their development and 
females are usually rendered sterile. The emergence of the parasite 
causes the death of the grasshopper. The morphological develop- 
ment of the parasite is discussed. 
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CHROMOSOME DIFFERENCES IN A WHEAT-RYE 
AMPHIDIPLOID 1 


By V. H. Florell2 

Formerly associate agronomist, Division of Cereal Crops and Diseases, Bureau of 
Plant Iiidustry, United States Department of Agriculture 

INTRODUCTION 

Plant hybrids that contain the diploid chromosome complement 
of the parents have been described in recent years by a number of 
investigators. They occur rarely and are produced in combinations 
which usually are highly infertile or self-sterile in the Fi generation. 
Some investigators have designated such hybrids as “amphidiploids^' 
to call attention to the presence in one plant of both parental chromo- 
some sets in the diploid condition. Others, principally the Russian 
workers, have called them * ^balanced hybrids” to emphasize the paired 
or balanced condition of the chromosome elements. 

Most of the known amphidiploids have been produced from inter- 
specific and intergenerio artificial hybrids. They are of special 
interest to geneticists and cytologists on account of the light they 
shed on methods of species formation and also on account of their 
possibilities for plant improvement. 

LITERATURE REVIEW 

Meister first reported in 1927 the discovery by his associates 
and himself of a 56-chromosome wheat-rye amphidiploid. 

Tjumjakoff {9) mentioned the probable polyploid nature of the 
hybrids, and Meister (4, jig. 6) showed a spike of this unusual type 
of wheat-rye hybrid, stating that it was apparently of tetraploid 
make-up. 

Meister {5) gave a botanical description of the Saratov wheat-rye 
amphidiploids and designated the new' species combination as Triti- 
cum secalotricum saratoviense Meister. 

The polyploid nature of these constant, fertile or partially fertile 
hybrids was determined by the cytological investigations of Levitsky 
and Benetzkaia {2), They found in the somatic ceUs of the hybrid 
56 chromosomes and in the gametic cells 28 chromosomes. The 
somatic number given was established for nine individuals of the F 4 , 
F 5 , and Fe generations in three different families. 

In this material they observed both normal and irregular chromo- 
some behavior in the meiotic divisions. In some division figures from 
two to sb^ or more lagging univalents were found. The univalents 
afterw'ard split longitudinally, sometimes wuth irregular scattering of 

1 Received for publication Oct. 3, 1935; issued March 1936. 

* The writer wishes to express appreciation to C. W. Hungerford, chief of the Division of Plant Pathology 
and dean of the Graduate School, University of Idaho, for the use of his excellent research microscope and 
for laboratory space and equipment; also to J W. Taylor, associate agronomist, Division of Cer^l Crops 
and Diseases, Bureau of Plant Industry, XJ. S. Department of Agriculture, for supplying the hybrid material 
which made this work possible. 
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chromosomes over the spindle. Chromosome elimination into the 
plasma was observed, also complete disintegration of amorphous 
elements, such as microcytes, cell fragments, etc. 

Judging by the number of lagging chromosomes, Levitsky and 
Benetzkaia estimated that probably at least 50 percent of the pollen 
grains contained an increased number of chromosomes (more than 
28), yet all of the parental plants examined had 56. They conclude: 

Thus it remains to suppose that these normal gametes, having arisen from normal 
divisions, leave behind with their pollen tubes all other gametes with deviating 
chromosome numbers * * *, 

The formation of amphidiploids is believed by these authors to 
result from “apogamous development of the ovule in Fi.’^ 

Tjumjakoff {10), in a study of the fertility of these wheat-rye 
hybrids of balanced type, found in each of two lines that the average 
number of kernels per spikelet in normal spikes was 1 . 2 . The 
following year the average number of kernels per spikelet of the F 4 , 
when sowm in pots, was 0.9. In the former this \vould be a fertility 
of about 50 to 60 percent for the common wheats under average 
conditions. 

A brief description of the plant characters and of certain chromo- 
some differences in an artificially produced wheat-rye amphidiploid is 
reported herein. 

MATERIAL AND EXPERIMENTAL DATA 

An individual plant head of a wheat-rye hybrid having the hairy- 
neck rye character was obtained from the Arlington Experiment 
Farm, near Washington, D. C., in the winter of 1930. This hybxid 
had been under obseivation for a number of years by J. W. Taylor, 
who made the original wheat-rye cross, the backcrosses, and the 
selection. 

The origin of this amphidiploid was indicated by Taylor and 
Quisenbeny {8) in a report on the inheritance of rye crossability in 
wheat hybrids. Purplestraw wheat was crossed with Abruzzes rye 
in 1923. The Fi was backcrossed to Purplestraw, producing two 
seeds from more than 1,000 pollinations. The progeny of one of 
these seeds, consisting of 10 plants, w^as backcrossed with rye Only 
two of the 20 Fi hybrid plants from backcrossing with lye dcliisced 
and one of these produced a single selfed seed. Taylor and Quisenberry 
state: “From this seed originated a so-called nonsegregating hne 
intermediate between wheat and rye^^ (8, p. ISO). 

Plants from this amphidiploid were grown in the agronomy garden 
of the University of Idaho for 2 years. In both years they were low 
in vigor at the beginning of the ^owing^ season, but before the end of 
the season they developed into fairly vigorous plants, which in most 
characters were intermediate between the parents. 

The leaves and culms were faintly to definitely purple in the early 
stages of growth. The mature plants were rmd-tall with weak to 
mid-strong culms and with the upper peduncles hairy. The kernels 
were red, mid-sized to large, mid-long to long, slightly shriveled to 
medium plump, and somewhat resembled rye. The fertility was low 
to medium, the set of seed being comparable to that of the amphi- 
diploid reported by Meister (3). 
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A small sample of seed of one of the Saratov selections was obtained ^ 
for seeding at Moscow, Idaho, in 1932 and 1933. This amphidiploid 
was more vigorous than the one obtained from Arlington farm. At 
maturity the spikes contained many empty florets. 

Root tips from the Arlington farm amphidiploid were obtained by 
the writer from plants grown in the greenhouse. These were em- 
bedded in paraflfln and taken to the Univemity of Idaho, where the 



Figure l.—Camera-lucida drawings showing two somatic metaphase plates of Fa Purplestraw wheat X 
Abruzzes rye amphidiploid. (2/1=56.) X about 1,375. 

cytological study of the material was made in 1931. S. Navashin^s 
chrom-ace tic-formalin was used as the killing and fixing agent and 
Heidenhain's haematoxylin as the stain. 

The chromosome number of the somatic cells was found to be 56. 
Counts were made on 6 cells; 5 had 56 chromosomes, and 1 had 58. 
The general shape and comparative size of these chromosomes are 
shown in figure 1. It was not possible to distinguish between the 
wheat and the rye somatic chromosomes. 

In 1933 pollen mother cells of the amphidiploid were examined by 
Belhng^s aceto-carmine method. Counts were made on a number of 


^ Through the courtesy of E F. Gaines, cerealist, of the Washington Agricultural Experiment Station. 



202 


Journal of Agricultural Research 


Vol 52, nu 3 


different cells at first metaphase, and all were found to contain 28 
cliromosome pairs. Thi'ee polar views of first metaphase plates are 
showTL in figure 2. The chromosome number indicated thus agrees 
with that foimd in the root tips. 

Certain chromosome type differences were noted in the first meta- 
phase of some pollen mother cells, w^hereas none was found in the 
somatic cells. In countable cells a number of large bent chromosomes 
usually were found scattered along the edges or outside of the more or 
less w^ell-defined, centrally located group of typical bivalent chromo- 
somes. Up to seven ot these large, light-staining border chromosomes 
were found in some cells and they probably were those of rye. It is as- 



Figire 2.— Camera-luelda drawings of 4 rreiolic-di vision iretaiihase plates of Fe Purplestraw v^heat X 
Abruzzes rye amphidiploid. (X about 1,000.) A, Equatorial vie\^ of first inetapiiase i»lnto showing 
typical arrangement of the wheat bivalents, 'with the large rje chroinosumes (here handed) at the edges 
or outside of the wheat group. B, Polar view of heterotypic metaphase plate. Note the 6 large chru- 
mosomes at the borders. (n=21 II W+7 HR) C, Polar view of heterotypic metaphase plate. Note 
the 7 large bent-border chromosomes (7i=2l 11 W4‘7n R ) D, Polar view of heterotypic raetaphase 
pUte. Note 3 or 4 large bent chromosomes at the plate border. (n=2S II.) 


sumedin the following discussion that the large chromosomes wnre those 
of rye and the smaller chromosomes were those of wheat. In previous 
work with wheat X rye hybrids tliis tendency for the rye chromo- 
somes to retreat t() the edge or outside of the main group had been 
observed (1). This behavior apparently is due to incompatibility 
between the two sets of chromosomes as a result of their genetic 
differences. Figure 2, C, shows seven large light-staining bent- 
border chromosomes. The two large straight ones at the right 
represent wheat chromosomes, the ends of winch evidently had been 
pressed flat by the cover glass. Figure 2, A, B, and C, shows large 
bent-border chi'omosomes in varying numbers. 

The wheat bivalents were somewhat smaller than the lye bivalents, 
usually more or less constricted at or near the middle, sometimes with 
a faint longitudinal line indicating the Hne of union of the paired 
chromosomes. They also stained more deeply. Some of the rye 
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bivalents were shaped like those of the wheat but were larger and 
absorbed the stain less leadiljr; others were large and curved, some- 
times showing the heterotypic (or homeotypic) spht and were also 
definitely fighter staining. These chromosome types are shown in 
figure 2, B, C, and D. 

Some of the large fighter stained border chromosomes w^ere banded 
transversely. These bands were dark red and opaque in contrast to 
the lighter red areas between them. One banded chromosome is 
shown in figure 2, Bj and another in C. Other banded chromosomes 
were present in C but are not shown. Figure 2, A, shows an equatorial 
view of a metaphase plate haying 4 of the large border chromosomes, 
all banded, 1 of which is outside the equatorial plate. 

DISCUSSION 

The differences noted in staining reaction between the heterotypic 
chromosomes of wheat and rye may be explained partly by variable 
stages of development in the two types and partly by variations in 
composition. The differences observed among the rye chromosomes in 
some cells might result from variations in the rye chromosomes them- 
selves, i. e., those possessing the greatest affinity for wheat chromo- 
somes might be expected to resemble wheat most closely in staining 
reaction. 

Sax (7) presents a reproduction of a photomicrograph of meiotic 
chromosomes of Secale cereale (his fig. 1), which shows the transversely 
barred or ^^banded” appearance seen by the writer in what he believed 
to be the rye chromosomes of the Arlington wheat-rye amphidiploid. 
The stage at which this condition may be seen presumably is the late 
first prophase of the heterotypic division. 

Previous experiments with interspecific crosses in plants have shown 
that somatic gametes may be produced, as was first demonstrated by 
Rosenberg (^) in Hieracium sp. The occurrence of somatic gametes 
in Fi wheat X rye hybrids was shown by the writer {1 ) in the produc- 
tion of 49-chromosome plants upon backcrossing to the wheat parent. 
This means that some of the gametes (ovules) of the Fi hybrid had 28 
chromosomes. The probable cytogenetic origin of the Arlington 
Farm amphidiploid is suggested by its history. It was produced by 
crossing a wheat X rye X wheat plant with rye. It is reasonable to 
suppose that somatic gametes (ovules) also may be formed in a 
49-chromosome plant, which when crossed with rye pollen will com- 
plete the diploid chromosome complement of the rye and thus produce 
an amphidiploid (zygote). 

Judging by the proportion of somatic gametes (3 out of 10) found in 
Fi wheat X rye hybiids which the writer (!) determined in the Fi back- 
cross to wheat, it is possible that wheat X rye X wheat somatic 
gametes also may occur not too infrequently, so that the production 
of amphidiploids of the wheat-rye type would be greatly facilitated 
by crossing the backcross to one parent with the other parent. 

SUMMARY 

A constant wheat X rye hybrid, bred and selected by J. W, Taylor 
at the Arlington Experiment Farm, near Washington, D. C., in 1925, 
was found by the writer to be an amphidiploid. Fifty-six chromo- 
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somes were found in the root tips and 28 paii’s in the pollen mother 
cells. 

Wheat and rye chromosomes could not be distinguished in the so- 
matic cells. In the pollen mother cells at first metaphase the rye 
bivalents were found to be larger than those of the wheat. In most 
cases they were less deeply stained, some were banded transversely, 
and all had a strong tendency to arrange themselves at the border or 
edge of the chromosome group. 

This amphidiploid resulted from a cross of wheat X rye X wheat X 
rye, which makes it probable that somatic gametes were involved in 
its origin both in the Fi wheat X rye hybrid and in the Fi wheat X 
rye X wheat backcross. 
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PHYTOPHTHORA ROT OF SUGAR BEET ‘ 


By C. M. Tompkin’s, assistant plant pathologist, California Agricultural Experi- 
ment Station, formerly assistant pathologist, Division of Sugar Plant Investi- 
gations, United States Department of Agriculture, B L. Richards, plant patholo- 
gist, Utah Agricultural Experiment Station, C M. Tucker, plant pathologist, 
'Missouri Agricultural Experiment Station, arid M. W. Gardner, plant patholo- 
gist, California Agricultural Experiment Station 

INTRODUCTION 


Phytophthora root rot of sugar beet (fig. 1), caused by Phytophihora 
drechsleri Tucker, was first noted in 1927 in the Cache Valley of north- 


ern Utah, causing most severe dam- 
age in an area about 18 miles in 
length between Smithfield and 
Wells\ulle. In 1928 and 1929 the 
disease was also found in the north- 
ern part of the Cache Valley in south- 
ern Idaho and near Ogden and Provo, 
Utah, and Rifle and Carbondale, 
Colo. During 1932 to 1934 the dis- 
ease was found in the Sacramento 
Valley and delta section in Califor- 
nia - Tests made in 1 927 and 1928 
showed that the root size and sugar 
content of the sugar beet are reduced 
as a result of the disease. The present 
paper presents the results of a study 
of the disease, commenced in 1927. 

DISEASE FAVORED BY WET SOIL 

In Utah the disease was con- 
fined mainly to the heavier, poorly 
drained Trenton clay soils in Cache 
Valley, although small areas of 
infection were found in low places 
in sandy loam soil. In the first 
field in wdiich the disease was found, 
plants growing on a ridge elevated 
to 2 feet were free from the dis- 
ease, while a high percentage of the 
plants in the rest of the field were 
diseased (fig. 2, B). The same 
condition was found in this field 



Figure J — Phytoi)hthora rot of sugar beet, 
showing typical infection of basal part of the 
taproot, collected in the Sacramento River 
delta section Oct 10, 1933 


during the two following seasons (1928 and 1929). 

In California the disease has been found only where irrigation 
water has accumulated and where the soil has been excessively wet at 


1 Received for publication Aug, 29 , 1935; issued March 1936 Joint contribution from the Division 
of Sugar Plant Investigations, Bureau of Plant Industry, U. S. Department of Agriculture, the Department 
of Botany and Plant Pathology, Utah Agricultural Experiment Station, the Department of Botany, 
Missouri Agricultural Experiment Station; and the Division of Plant Pathology, California Agricultural 
Experiment Station. 

3 Tucker, C. M. The distribution of the genus phytophthora. Mo. Agr. Expt. Sta. Research 
Bull 184, 80 pp. 1933. (See p. 9.) 
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some time during the season. It is generally recognized by growers 
as a trouble associated with excess soil moisture and is sometimes 
called wet rot or water I'ot. 

In an irrigation experiment carried out in 1929 in the field in the 
Cache Valley where the disease was first found, three well-separated 
plots of 25 rows each wex'e given different amounts of irrigation 
water. All plots received an irrigation 1 week after thinning, after 
which plot A received a light irrigation in furrows once every 2 weeks, 
plot B, every 3 weeks, and plot C, every 4 weeks. In plot A, the most 
heavily irrigated, 67 percent of the plants were infected, in plot B, 
42, and in plot C, 15 percent. This indicates clearly that the more 
frequent irrigation favored infection, and that proper irrigation 
practice should conti'ol the disease. 

EFFECT OF PHYTOPHTHORA ROT ON YIELD AND SUGAR CONTENT 

Approximately 500 acres of beets were infected in varying degree in 
the southern half of Cache Valley in September 1927. In many 
fields, the number of healthy plants was so reduced that the yield did 
not defray the cost of harvesting. Losses ranged from a trace to 90 
percent in individual fields. By count, 60 percent of the plants in one 
field presented unmistakable symptoms. Diseased plants occurred 
singly or in groups interspersed among healthy plants. Various 
stages of rotting of the root,^ accompanied by different degrees of 
wilting of the fohage, were exhibited, but for the most part advanced 
symptoms predominated. 

More detailed surveys in 1928 and 1929 showed that in excess of 1,000 
acres of land were more or less infested. Heavy losses were frequently 
met with on new land, plowed and planted for the first time. Many 
diseased roots, from which the fungus was isolated, were found in fac- 
tory yards throughout the Cache Valley, 1 to 2 months after digging. 

Preliminary tests in 1927 and 1928 showed that the disease reduced 
root size and sugar content. In August 1929 a representative area 
was selected for sampling in each of four fields in the Cache Valley. 
Healthy and diseased beets were dug, in as close proximity as possible. 
Diseased beets having more than half of the root rotted were dis- 
carded. The samples were weighed and analyzed in the laboratory 
of the sugar factory. The results are presented in table 1. 

Table 1. — Effect of Phytophthora rot on weight and sugar content of sugar beets in 
fields in Utahj Aug. SI, 1929 ^ 


Location of field 

Condition 
of beets 

1 Beets 

Average 
weight 
per beet 

Sugar 

1 

Purity 2 

TiOgan’ 

Field 1 

j Healthy... 
diseased-. 

l-.do 

(Healthy... 
•^Diseased.. 
[ -do... 

N'umber 

12 

25 

25 

12 

25 

25 

20 

20 

20 1 
30 

Grams 
551.5 
189 4 
146 5 
432.9 
132 4 
159 1 
419 6 ! 
201 3 
544. 3 
266 5 

Percerd 

13.5 
7.6 
5.3 

15 8 
9.9 

10 4 

15 8 
11,2 
17.0 

11.6 

Percent 

82 4 

59 8 

47.8 

84.8 

61 2 

63 4 

85 3 
72.4 

84.1 

72.1 

Field 2,. i 

Field 3. 

/Healthy 

(Diseased.. 
/Healthy — 
/Diseased. ,1 

Smithfield 



1 Analyses were made m the chemical laboratory of the Amalgamated Sugar Co. at Logan, Utah, 
a OoeflGlcient of purity is the ratio between the percentage of total solids and the percentage of sugar. 

The average weight of the healthy beets was more than twice that of 
the diseased beets. The sugar in the diseased beets ranged from 5.3 
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to 11.6 percent, as compared witL. 13.5 to 17.0 percent in the healthy 
beets. The purity of the juice of the diseased beets ranged from 47.8 to 
72.4 percent, as compared with 82.4 to S5.3 percent for the healthy beets. 

Subsequent tests of the juice of samples of diseased beets collected 
during the remainder of the season from these and other fields gave 
even a greater reduction in sugar content and in purity so that at 
harvest the differences between healthy and diseased roots were 
even more striking. 




Figure 3 A, Five-day-old culture of Phytophthora drechslen on prune agar, pH 4 7, at 28® 0 B longi- 
tudinal section of field-mfected root showing lateral lesions, some at the bases of the rootlets ' 


SYMPTOMS OF THE DISEASE 

In the early stages of the disease the leaves may wilt during the 
day and recover at night. Later, permanent wilting occurs and the 
plant is killed (fig. 2, B). Generally, infection occurs near the basal 
part of the root and the invasion progresses gradually upward involv- 
ing all tissues of the root (fig. 1 and fig. 2, C, E). In roots inoculated 
in the laboratory, the affected tissues remain faiiiy firm and turgid 
(fig. 2, 60, but under field conditions the affected parenchyma at the 
base of the root may soften and disintegrate, leaving only the vascular 
strands. This gives a frayed, tassellike, skeletonized appearance to the 
basal part of the fleshy taproot (fig. 2, A), Secondary or adventi- 
tious lateral roots often develop above the invaded region of the 
taproot and an ill-shaped, pronglike root is the result. 

Often lesions first arise on the sides and sometimes near the upper 
part of the taproot (figs. 2, D and 3, B)^ Infrequently , infection occurs 
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at the tips or along the sides of the lateral roots or rootlets, with 
subsequent invasion of the taproot around the base of the infected 
lateral root or rootlet (fig. 3, B). 

The lesions vary in size and shape and sometimes the entire root is 
involved. The predominant external color of the lesion ranges from 
the mummy brown to light seal brown of Ridgway,'^ tending toward 
blackish brown at the center. ^ 

Wlien the root is cut, the infected tissues are found to be sharply 
delimited from the healthy tissues (fig. 2, C, D). Generally, color 
zones are visible in the lesion. The tissues first infected are deep 
browmish drab;^ the central parts of the infected region are water — 
soaked and citrine drab to smoke gray, or buckthorn brown, or light 
buff to mummy brown; and the recently infected tissue at the advanc- 
ing edge of the lesion as viewed on the cut surface is composed of a 
narrow band of blackish brown, sometimes separated from the healthy 
tissue by a narrow band of light buff (fig. 2, G, D). In the early stages 
the vascular bundles are conspicuous and light seal brown in color, 
but later tliis distinction may be lost. In the final stages the tissues 
are blackish brown (fig. 2, ^4). Small pockets or cavities are often 
formed (fig. 2, E) but are not filled with mycelium as in dry-rot 
canker caused by Rhizoctonia soZamKiihn. 

Microscopic examinations of stained sections of tissue from field- 
infected roots as well as roots inoculated in the laboratory show that 
the mycelium is, in general, intercellular, although certain cells are 
filled with mycelium. There was no evidence of any dissolution of the 
middle lamella. 


ISOLATION OF THE CAUSAL FUNGUS 

The causal fungus was readily isolated on prune agar, and usually 
pure cultures were obtained from tissue plantings from the advancing 
edge of the lesions. Isolations were made from more than 300 roots 
cofiected in 20 fields in Utah in 1927 and 1928. In not a single 
instance were other fungi or bacteria obtained (table 2), Good growth 
developed at 28° C. within 36 hours. The fungus was also isolated 
from infected lateral roots and lateral rootlets. Attempts to isolate 
the organism from healthy tissues of a diseased root, as well as from 
wilted and turgid petioles and leaves of diseased plants, gave negative 
results. The same fungus Avas isolated from diseased roots collected 
in subsequent years in ITtah, and in 1932 in the Sutter basin and delta 
section in California. 

Table 2. — IsolaMons of Phytophthora drechsleri from disea.srd ruga) -beet roots in 

Utah 


Location of field 

Date of isolations 

Roots 

Roots 
yielding 
P drechs- 
(en 

No 

growth 

Logan* 


Number 

Number 

Number 

Field 1. 

Aug. 3, 1927..., 

50 

43 

7 

Field 2 

Sept. 6, 1927—. 

30 

26 

4 

Field 3... 

Aug. 22, 1028... 

132 

94 

38 

Field 4 

Aug. 8, 1929 

100 

87 

13 

Smithfield 

! Aug. 23, 1928... 

50 

40 

10 

Total... 


362 

290 

72 


3RIDGWAY, n COLOR STANDARDS ANl> rOLOU NOMENCLATURE. 4.3 pp.. ill US. Waslunifton, D C. 19J2 

53336— 4 
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THE CAUSAL FUNGUS 

The causal organism was identified as Phytophthora drechsleri 
Tucker/ In young cultures on potato-dextrose agar the fungus 
developed a moderate amount of aerial mycelliiim with no reproduc- 
tive organs, and on moist corn meal a white cottony mass of mycelium 
was present after 2 weeks. On prune agar the fungus produced a 
delicate, moderately dense mycelium with scant aerial growth (fig. 3, 
J.). The fungus grew luxuriantly on oatmeal agar slopes, filling the 
space between the slope and the wall of the tube wuth a densely 
matted, tough, white mass of hyphae, but failed to develop reproduc- 
tive bodies after 25 days at room temperature and produced only 
occasional oogonia after 2 months at 15° to 20° C. The hyphae were 
usually smooth and uniform in diameter, but occasionally they were 
gnarled and swollen, sometimes with tuberlike or vesicular growths, 
especially in old potato-dextmse agar cultures (pL 1, P, E'). 

Oogonia with amphigynous antheridia developed sparingly in 
potato-dextrose agar cultures incubated 2 months at 15° to 20° C. 
They were thin-walled, hyaline to yellow or light bro\vn, spheroidal 
with a narrow stalk completely enclosed by the antheridium (pi. 1, CO- 
The oogonia varied in diameter from 27. 2^^ to 44yu, averaging So.SjLi. 
The antheridia \vere borne on slender hyphae smaller than the usual 
vegetative strands. They w^ere generally lOju to 14ju in diameter and 
often distorted by pressure on the oogonium. The antheridium formed 
a collar around the oogonial stalk and was closely oppressed to the 
inflated portion of the oogonium where it remained until the oogonium 
disintegrated (pi. 1, P). ^ 

The oospores developed singly in the oogonia. They were smooth, 
thick-wmlled, yellow' to light brown, spherical, only partially filling 
the oogonial cavity (pi. 1, C). In old cultures the oogonial w'all 
became crumpled and finally disintegrated, liberating the oospore. 
The oospores were 23-6 jli to 35.2ju in diameter, averaging 28.6iu. 
Germination was not observed. 

When tufts of mycehum from oatmeal-agar cultures 3 w^eeks old 
were transferred to Petri's solution sporangia developed after 2 days. 
The sporangia w^ere hyaline to faintly yellow, thin-walled, obpyriform, 
acrogenous on slender sporangiophores, nonpapillate but provided 
with a hyaline lens-shaped thickening at the apical end, 24^ to 56a by 
22.8ju to 40a, averaging 38.6^t by 26.7/i (pi. 1,^4). Germination occurred 
by germ tubes or by the development of a variable number of motile 
zoospores, lOja to 12iu in diameter, w'hich were fully differentiated 
within the sporangium. The lenticular thickening in the apex of the 
sporangium was pushed out or dissolved and the zoospores escaped, 
soon became quiescent, rounded up, underwent thickening of the 
W'all, and finally germinated by a slender germ tube, the usual type 
of development among species of Phytophthora, Following zoospore 
discharge, the sporangiophore often resumed growth, pushing through 
the base of the evacuated sporangium and growing out through the 
apical aperture (pi. 1, -B). A new sporangium was often formed just 
beyond or occasionally within the old wall. Sometimes the process 
w'as repeated, leaving the walls of two evacuated sporangia enclosing 
the sporangiophore bearing a sporangium at the tip. 

* Tucker, C M. taxonomy op the genus phytophthora de rary. Mo. Agr. Expt. Sta. Research 
Bull. 153, 208 pp , illus. 1931. (See p. 188.) 




PhytophthoTa drechsleri, Tucker: .1, Nonpapillate sporangium, with a refrmgent lens-shaped thickening at 
the apes, developed on hyphae from an oatmeal agar culture after 2 days in Petri’s solution, X 430, B, an 
empty sporangium with the sporangiophore emerging from the orifice following resumed proliferation 
subsequent to discharge of the contents of the sporangium, X 430, C, at the left, oogonium, oospore, and 
antheridium and, at right, oogonium and antheridium, prior to the development of the oospore, the 
anthendium forming a collar around the narrow oogonial stalk, X430; B and E, gnarled and tuberculate 
hyphae from a potato-dextrose agar culture 2 months old. 


212 Journal oj Agricultural Research Voi 52 , hu 3 

TEMPERATURE RELATIONS OP THE FUNGUS IN CULTURE 

The relation of temperature to gro^\ th of the mycelium was deter- 
mined for two cultures ^ one from Utah and one from California For 
this purpose, large test tubes 20 cm in length, provided with a dam at 
the open end, made by heating the glass and indenting one side, were 
used. Prune agar (15 cc) of pH 4.7 was placed in each tube and al- 
lowed to solidify with the tube in a horizontal position. The dam 
prevented the escape of the melted agar. 

These tubes were inoculated near the mouth with small squares of 
prune agar with mycelium from Petri-dish cultures 5 days old. After 
an initial exposure at room temperature (20^ to 23° C.j for 24 hours, 
the position of the advancing edge of the colony was marked with a 
wax pencil on each tube, and three tubes of each culture were placed 
in a horizontal position in thermostaticallv controlled, electric incu- 
bators at 3°, S°, 12°, 16°, 19°, 22°, 25°, 28°, 31°, 34°, 37°, and 40°. 
The daily growth of the mycelium beyond the wax-pencil marlv was 
measured. 

There was no marked difference between the Utah and California 
cultures. No growth occurred at 3°, or at 37° or 40° C The aver- 
age daily growth at was 2.3 mm; at 12°, 5 mm; at 16°, 6.6 mm; at 
19°, 7.3 mm; at 22°, 7.7 mm; at 25°, 9.6 mm; at 28°, 10.0 mm; at 31°, 
10.0 mm; and at 34°, 8.7 mm. In another test on coin-meal agar in 
Petri dishes, the average diameter of the colony after 96 hours was 
44 mm at 20°, 48 mm at 25°, 54 mm at 30°, and 49 mm at 35°. The 
lowest temperature for growth, therefore, is between 3° and 8°, the 
optimum, 28° to 31°, and the maximum between 35° and 37°. These 
characteristics, particularly the tolerance of high temperatures, are 
in agreement with those reported by Tucker for the type culture. 

RELATION OF HYDROGEN-ION CONCENTRATION TO GROWTH OF 

THE FUNGUS 

Prune agar, adjusted to different pH values betveeu pH 3.6 and 
pH 8.4 and placed in the large test tubes as previously desenbed, was 
used to determine the relation of hydrogen-ion concentration to the 
growth of the fungus. The cultures were incubated at 28° C., and 
the daily growth increments over a period of 12 days were measured . 

Good growth occurred at all the pH values tested, vaiying from 7.6) 
mm per day to 12.7 mm per day, with no indication that the limits 
of hydrogen-ion or hydro x;\d -ion tolerance were being approached. 
The daily rate of growth at pH 3.6 was S.3 mm; at 3.9, 9.6 mm; at 
4.2, 12.7 nun; at 4.5, 9.9 mm; at 4.8, 10.0 mm; at 5.1, 10.0 mm; at 
5.4, 9.7 mm; at 5.7, 10.2 mm; at 6.0, 9.9 mm; at 6.3, 10.2 mm; at 6.(), 
10.5 mm; at 6.9, 9.8 mm; at 7.2, 10.0 mm; at 7.5, 8.3 mm; at 7.8, 7.6 
mm; at 8.1, 10.6 mm; and at 8.4, 10.7 mm. 

INFECTION OBTAINED ON WOUNDED AND UNWOUNDED PLANTS 

IN THE FIELD 

For preliminary field tests in Utah in 1927 healthy vigorous plants 
were selected, and the soil was carefully excavated from one side of 
each root on August 15. The exposed side of the root was wiped with 
wet cotton and then with alcohol. In one series of inoculations, punc- 

Tucker, C M See p. 189 of citation mentioned in footnote 4. 



h'eh. 1, 1936 


Phyto'phthora Rot of Sugar Beet 


213 


tures were made with a flamed needle well below the middle of the 
fleshy taproot, and mycelium from cultures on prune agar or steiil- 
ized oats was placed in contact with the injured periderm and the soil 
replaced. In a second series the inoculum was applied to the un- 
wounded surface of the root. ^ Control plants were treated similarly 
in each series except that sterile culture medium was substituted for 
the inoculum. 

All plots were given twm light irrigations between the time of 
inoculating and harvesting. Marked wilting developed on most of 
the inoculated plants within 30 days, and when the beets were dug 
on September 20, 82 percent of the 160 roots inoculated with wounds 
were infected and 41 percent of the roots inoculated without wounding 
were infected. The control plants remained healthy. The infected 
roots bore typical lesions, those on the wmund-inoculated roots being 
the larger. The fungus was reisolated from a large number of the 
infected roots and in inoculations made on 10 plants on September 28 
again proved pathogenic. Additional inoculation tests were made in 
Utah in the summei’s of 1928 and 1929. The results together with 
those of 1927, are summaiized in table 3. 

On August 8, 1929, healthy beets in the field were inoculated with 
small blocks of naturally infected beet tissue. Of 20 beets wounded 
by needle punctures, 17 w^ere infected w'hen examined on September 
22, and of 20 beets inoculated without wmunding, 13 w^ere infected. 
The 10 control plants for each method remained healthy. The 
fungus w’as reisolated from the infected beets (table 3). 

On August 8, 1934, plants w^ere inoculated in the field at Clarksburg, 
Calif., by placmg mycelium growm on cracked wheat in the soil 
alongside the unw^ounded roots. The beets w^ere irrigated several 
times and w^ere dug on September 20. Infection had occurred, and 
the fungus was reisolated. 

INFECTION OBTAINED ON WOUNDED AND UNWOUNDED ROOTS 
IN THE LABORATORY 

In Utah, in 1927, cultures of the fungus w^ere used in crown inocula- 
tions of healthy topped beets. All beets were washed in tap water, 
treated for 10 minutes in a l-to-1,000 solution of mercuiic chloride, 
and rinsed in three changes of sterile distilled water. A thin slice of 
crowm tissue was removed with a flamed knife to expose fresh tissues 
free from cork cells. The inoculum, mycelium from 8-day cultures 
on prune agar, w^as placed on the cut surface and covered with moist 
absorbent cotton held in position by means of adhesive tape. All 
beets were placed in indi\ddual glassine bags and stored in a root 
cellar at a temperature ranging from 5° to 10° C. After 35 days, 24 
of the 28 inoculated beets "were found to be infected, as proved by 
reisolations, and the amount of decay in individual beets ranged from 
15 to 70 percent by volume. The 10 controls treated with sterile 
prune agar were not infected. 

Inoculation tests were made on the imw^ounded surface of sugar 
beets in the laboratory at Berkeley in January 1933, with one Utah 
and three California cultures of the fungus. Beets were thoroughly 
washed in tap water, and 95-percent alcohol was applied to the peri- 
derm where the inoculations were to be made. Mycelium grown on 
prune agar was inserted in two wells in each root made by removing 
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small cubes of tissue with, a flamed scalpel, and covering vdth adhe- 
sive tape. Controls were treated with sterile prune agar. All were 
incubated in moist chambers at laboratory temperatures (20° to 24° 
C.) for 20 to 45 days. For moist chambers, use was made of 5-gallon 
tin cans with pie tins for covers; each can was provided with a wire- 
mesh platform to prevent contact of the roots with the water in the 
bottom of the can. Of the 44 roots inoculated with the California 
cultures, 39 were infected, and of the 39 inoculated with the Utah 
culture 30 were infected. The fungus was reisolated from all of the 
infected roots. None of the 21 controls became infected. The cul- 
tures showed no difference in virulence. 

Table 3. — Results of inoculations on sugar beets with Phytophthora drechsleri in 

Utah, 1927-29 


Type of moculuni 

Method of 
inoculation 

Beets 

inoculated 

Beets 

mfected 

Beets 
from 
which P 
drechsleri 
was 

reisolated 

Mycelium on agar 

Mycelium on oats 

Infected beet tissues 

Control, sterile agar 1 

Control; sterile oats 

Control, healthy beet 
tissues. 

/Needle 

\No injury... 

/Needle 

\No injury. _.i 

fNeedle. 

iNo injury... 

/Needle 

tNo injury... 

/Needle 

\No injury... 

/Needle 

/No injury... 

NumbeT 

170 

130 

80 

40 

20 

20 
105 
105 ; 
00 1 
60 1 
10 

10 

Number 

144 

62 

60 

10 

17 

13 

0 

0 

0 

0 

0 

0 

Number 

69 

73 

40 

34 

9 

10 


Unw'oimded roots were also successfully inoculated. On March 14, 
1933, eight roots harvested in November and kept in cold storage 
were inoculated by placing a half-inch square from a prune-agar 
culture on a clean, sterihzed but unwoxmded portion of the root sur- 
face. The roots \vere incubated in moist chambers at room tempera- 
ture and within 2 weeks 5 of the 8 inoculated beets were typically 
diseased and the fimgiis w'as reisolated. The controls, on which 
sterile agar had been placed, were not infected. 

BEET SEEDLINGS SUSCEPTIBLE TO INFECTION 

No infection of sugar-beet seedhngs by Phytophthora drechsleri has 
been observed under field conditions. Many diseased seedhngs have 
been cultured, but this fungus has never been obtained. Presumably 
soil^ temperatures during the seedhng stage of this crop are below the 
optimum for this fungus. 

Laboratory tests show^ed, however, that seedhngs were readily 
infected at higher temperatures. For these tests, small paraffined 
paper cups, 3 inches deep, were fiUed with sterihzed river sand. 
Prune-agar cultures of the fungus were incorporated with the surface 
soil in the cups and 10 surface-sterihzed, sugar-beet seed balls w^ere 
planted in each cup. Ah cups were irrigated uniformly with sterile, 
distilled water and placed in incubators at constant temperatures of 
25°, 28°, 31°, and 34° C. The seed balls failed to germinate at 34°. 
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Abundant infection of the seedlings occurred in 9 days at the other 
temperatures, as is shown in table 4. Infected seedlings exhibited 
damping-off symptoms, and the cortical tissues were water-soaked in 
appearance. Some seedhngs attained a height of inches before 
being Idllecl, but most of them were attacked in earlier stages of 
growth. Some infected seedlings barely emerged, and it was apparent 
that many died before emergence The fungus was reisolated from 
practically all of the infected seedlings. Normal seedlings developed 
in the controls. 


Table 4 — T nfecHon of 'iugar-heet seedhngs grown in sterilized inoculated sand at 

constant ternperatures 


Temperature 

(°C) 

Source of 
culture 

Seedlings 

Seedlings 

diseased 

Temperature 

CO) 

Source of 
culture 

Seedlings 

Seedlings 

diseased 

‘2n 


California 

Utah 

Number 

39 

27 

58 

19 

6 

61 

Number 

32 

25 

0 

18 

6 

0 

31 

fCaUfornia. 
lutah 

Nu inber 
21 
11 
28 

Number 

12 

tl 

0 

28 - - 



[Controls . _ 

California 

Utah 



[Controls 


PATHOGENICITY OF FUNGUS TO CERTAIN OTHER HOSTS 

Tucker found Phytophthora drechsleri pathogenic to wounded 
apple, eggplant fruits and tomato fruits, wounded eggplant, papaw, 
and tomato seedlings, and potato tubers. Woimd inoculations have 
been successful on the roots of garden beets, carrots, turnips, parsnips, 
and potatoes. The identity of the fimgus was confirmed by reisola- 
tions. In garden beets the diseased tissues were black and firm, in 
carrots water-soaked and moderately firm except in advanced stages, 
and in parsnips and turnips gray, water-soaked, and soft and mushy 
after 7 days. In potato tubers the infected tissues were softened and 
rubbery after 5 days, and cut surfaces when exposed to the air devel- 
oped a hght pink discoloration within 15 minutes which darkened 
within an hour and changed to black. A definite line separated dis- 
eased from healthy tissues. 

Wound inoculations with the fungus were successful in watermelons 
and citrons. Large brown lesions developed on the surface within 
48 hours at room temperature, and within 10 days the fruits had 
softened and were almost completely rotted. 

Sixteen unwounded ripe tomato fruits were inoculated by placing 
small squares of an agar culture on the skin at the blossom end and 
holding them in glass, moist chambers at room temperature. All 
became infected, some in 6 days, and showed softened, water-soaked 
lesions, with irregular margins. 

The pathogenicity of the fungus was also tested by inoculations on 
un wounded apple, eggplant, summer squash, green tomato, and green 
pepper fruits. The apples and green tomatoes were not infected. 
Eggplant fruits were readily invaded, and after 5 days chestnut-brown 
lesions 5 cm in diameter developed. The tissues were softened and 
discolored to a depth of 1 to IK inches. Two of the twelve green 
peppers inoculated and 7 of the 16 s\mimer squashes were infected. 

Tucker, C M. See pp 69 and 189 of citation mentioned in footnote 4. 
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Wound inoculations were made on apples, summer squashes, green 
tomatoes, and green peppers. After surface sterilization, each fruit 
was punctured 10 times with a flamed needle in an area one-half inch 
in diameter. A small square of agar from a culture was then placed 
on the punctured area. Three days later all the apple fruits were 
slightly inraded, the summer squashes were half decayed, the peppers 
were all infected, and the green tomatoes were almost completely 
softened. All controls were healthy at the end of the test period. 

SUMMARY 

Phytophthora rot of the sugar beet has been found in Utah, Idaho, 
Colorado, and Cahfornia in poorly drained soils or areas where irriga- 
tion water has accumulated. Infection is favored by excessively wet 
soil. Yield and sugar content are greatly reduced. 

The basal end of the taproot is usually rotted, although infection 
may occur along the side of the taproot, especially where rootlets are 
attached. In the field the disease causes wilting of the leaves 
during the day and ultimate death of the plant. In the early stages 
the infected root tissues as seen on the cut surface are water-soaked 
and fight brown, with a tliin blackish-brown zone at the advancing 
face of the lesion. Later the parenchyma tissues may disintegrate 
and leave a tuft of fibers at the tip of the root. 

The disease is caused by Phytophthora drechsleri Tucker, of which a 
description is given. The fungus grows at temperatures ranging from 

to 35^ C., with its optimum at 28° to 31°. It grows well through- 
out a wude pH range. 

With mycelium as inoculum, infection was readily obtained on both 
wounded and unwounded roots of plants in the field and also on 
harvested roots in the laboratory. 

The fungus caused damping-off of sugar-beet seedlings grown in 
inoculated soil at laboratory temperatures. 

In the laboratory wound inoculations with mycelium were success- 
ful on the roots of garden beet, carrot, turnip, and parsnip, on potato 
tubers, and on apples, summer squash fruits, green peppers, and 
green tomatoes. Inoculations without wounds were successful on 
eggplant fruits, green peppern, and summer squash fruits, but not on 
apples or green tomatoes. 



HISTOLOGICAL STUDY OP TISSUES PROM GREENHOUSE 
TOMATOES AFFECTED BY BLOTCHY RIPENING' 


By H. L Seaton, leseaich assistant, aiid G F Gray, assistant, Sectioyi of Hoiti- 
culture, Michujan Agricultural Expeiiment Station ^ 

INTRODUCTION 

The appearance and quality of greenhouse tomatoes {Lycopersicon 
esculentum) maturing in late spring and early summer are often im- 
paired by red and colorless markmgs, commonly called blotchy ripen- 
ing. In some cases the percentage of irregularly ripened fruits is less 
than 1 percent, while in others it may be as high as 50 percent. 
Investigations as to the nature of the disorder and methods for its 
control are being conducted at the Michigan Agricultural Experiment 
Station. This paper presents, as a part of these investigations, the 
results of a histological study of the tissues from blotchy-ripened fruits. 

EXTERNAL APPEARANCE OF BLOTCHY RIPENING 

Blotchy ripening is primarily a disorder of the spring crop of 
greenhouse tomatoes maturing in May, June, and July and is of little 
consequence to the fall crop maturing from October to Januaiy. 
Throughout the North Central States it rarely occurs under field 
conditions, although a few fruits showing all the characteristics of the 
disorder were observed during the period of the severe drought of 1934. 

In affected fruits areas of the outer wall ^ (pericarp) fail to develop 
and color normally. The individual blotch may be relatively large, 
involving from 25 to 50 percent of the entire surface of the fruit, or 
may be so small that it is not readily distinguishable. A fruit may 
show only one small blotch or several large blotches; large and small 
blotches may be formed on the same specimen. No sharp line of 
demarcation separates the green or white areas from the normal red 
portions; they merge gradually. Though these areas may appear 
on any portion of the fruit, they generally radiate from the pedicel 
attachment. Blotchy fruits in which all portions of the fruits are 
involved are shown in plate 1 . As the fruits approach maturity these 
areas remain hard and green; and as ripening proceeds further, they 
assume a waxy or glassy appearance which may be accompanied by a 
sunken or pitted condition. 

The vascular bundles lying beneath these clear, glassy blotches in- 
variably appear to be brown or black and necrotic. This condition 
may be observed through the epidermis in many fruits. An affected 
area may be confined to one of the furrows formed above the inter- 
locular walls of the fruit; such areas have been frequently observed 
immediately above the main bundle of a carpel. Transverse cuts 
made through a blotchy fruit (pi. 2, A) show that only the outer wall 
is affected. Usually there are small discolored regions in the center 

1 Received for publieation June 21, 1935, issued March 1936 Journal Paper no 221 (n. s ) from the 
Michigan Agricultural Experiment Station 

I The writers are grateful to F. G. Bradford for helpful suggestions and assistance as to the methods em- 
ployed and in the preparation of the manuscript 

3 The term “outer wall” as used m this paper does not include the partitions between thelocules. 
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of the blotch which have the appearance of necrotic vascular bundles. 
In severe cases cavities may be associated with the affected tissues. 
The discolored portions are found only in the distinct blotches and 
do not occur in the normally ripened portions. Longitudinal cuts 
(pi. 2, B) reveal the apparently necrotic bundles and associated 
tissues even more strildngly than do the transverse ones. As shown 
in the longitudinal cuts this appearance of broken-down tissues is 
confined enthely to the blotchy areas. 

The disorder is apparently restricted to practically mature fruits. 
Fruits in all stages of development have been dissected and examined 
for evidences of blotchiness. No immatme fruit has shown any de- 
tectable signs of developing into blotchy fruit. The first evidences 
of blotchiness have been observed only after the fruit begins to de- 
velop color, which is usually from 2 to 5 days before it is ready to 
harvest. 

LITERATURE REVIEW 

Bewdey and White attempted to dissect tomato fruits so as to 
expose the vascular system, but ‘^owing to the delicate nature of the 
individual strands’^, abandoned this method and adopted clearing 
methods. They cai*efully removed the skin of a half-ripe fruit, 
scraped away the superficial tissue, and exposed the external portion 
of the vascular system. They presented drawings showing that the 
veins radiate from the stem end, and that in the proximal half of the 
fruit there are few cross connections, whOe in the distal half the veins 
anastomose to form an intricate network. By clearing a fruit thus 
prepared in xylol following alcohol they obtained “a good idea of the 
vascular system of the entire fruit.” 

Their examinations revealed certain differences between the vascu- 
lar bundles of blotchy^ fruits and those of healthy fruits. ‘^The 
bundles of blotchy fruits seemed somewhat thicker than those of 
healthy fruits, owing to the spongy natmn of the cells immediately 
surrounding them. Necrosis of the bundles frequently occurs” (J, 
p. 3£5), Drawings are shown of necrotic bxmdles appearing beneath 
distinct blotches. In another iQustration they showed an affected 
bundle with an adjacent group of ^ ‘corky cells” and stated that '^such 
cells occm' frequently in blotchy fruits.” By means of a hand lens 
they observed “the presence of gaps or canals in the parenchyma 
bordering the necrotic bundles.” The walls of these cells were brown 
and necrotic. Although no mention is made of the fact, their draw- 
ings indicate that pluggmg of the tracheae accompanies the necrosis. 

Bewley and White p. 337) from their results over a 5-year period 
(1921-25) concluded that “blotchy ripening of tomato fruits is the 
result of malnutrition in respect of potash and nitrogen”, and “may 
be reduced to less than 1 percent, by suitable applications of sulphate 
of potash and sulphate of ammonia.” However, they did not at- 
tempt to connect “the necrosis of the bundles” with these nutrient 
deficiencies. 

^ Seaton's investigations of the disorder ^ {12) indicate that blotchy 
ripening is not a nutritional disorder ainsing from soil conditions. He 
has advanc ed the hypothesis that the wdthdrawal of water from the 

* Reference IS made by number (italic) to Literature Cited, p. 224. 
thesis^Mieb State^Cof blotchy rifening op greenhouse tomatoes. 1933. (Unpublished 
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Tomatoes showing blotchy ripening. The glassy areas appear on all parts of the 
fruit but are less abundant in the stylar region. Some of the blotchy areas show 
a sunken or pitted condition, whereas dark, discolored tissues adjacent to the 
bundles appear in others. 







*4, Blotchy ripened fruits cut transversely. Only the outer fruit wall is involved. The small dark areas 
m the blotches are affected tissues adjacent to the vessels. X B, Fruits cut longitudinally to show 
the position of the affected tissues in the blotchy areas. No discolored tissues are apparent m the normal 
pericarp. X M- Oj A cl^red section from a normal frmt wall near the stylar region. One large carpel- 
lary bundle and numerous small anastomosing veins are shown. X 5 D, Same as C, from an area near 
the stem end. The anastomosing veins are loss numerous m this region. X 5. E. Transverse section 
of a large carpellary bundle from a normal pericarp. This bicollateral bundle is typical. Note the large 
parenchyma cells (p) of the vascular ray. X 125. F, Longitudinal section of a bundle from an unaffected 
fruit wall. The spiral thickened tracheae (tr ) , the adjacent phloem (ph ) , and the surrounding parenchyma 
(p) are shown. X 125 



A, External view through the epidermis of a blotchy fruit. The discolored tissues appear to surround and 
involve the large bundle and the anastomosmg veins. The broken lines (a) indicate the position of the 
section shown m J5. X 10- B, Transverse section from area indicated in A, a Note the large vascular 
bundle_(p6) and the broken down parenchyma tissue (p) which lies between the anastomosing bundle 
shown in A and the epidermis. X 50. C, Identical with B. The vessels of the bundle appear unaffected 
and the discolored areas are collapsed parenchyma. X 145. J), Identical with C. The distorted cell 
walls and cell contents which make up the dark areas are shown. X 460. 






:■ 


a 


it .i 


A, View through epidermis of a blotchy fruit taken in the region of a carpellary bundle, mrmal areas may 
be seen among the discolored portions which surround the anastomosmg bundles (a6) . The broken lines 
indicate the position of the cross section shown in X 10. B, Transverse section of region indicated in 
A. Note the wavy appearance of the epidermis (c) with sunken portions above regions where the under- 
lying parenchsnma (p) has collapsed, while above the unaffected areas and where cavities (c) appear it is 
unaltered. The dark collapsed parenchyma tissues (p) are located between the epidermis (e) and the 
bundles (ab and vb) . See plate 6 for details of the marked portions a and 6. X 10. 
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fruits during periods of excessive transpiration, 3 to 5 days before the 
fruit ripens, results in the break-down of the tissues involved in the 
blotchy areas. 

MATERIALS AND METHODS 

The normal and blotchy-ripened fruits which furnished the mate- 
rial for this investigation were grown in the experiment station green- 
houses at East Lansing in 1933 and 1934. Samples were collected 
each year in June and were about equally divided between fruits of 
the Grand Eapids variety and fom'th- and fifth-generation hybrids 
between iVilsa Craig and Marglobe. In 1933 comparatively small por- 
tions of the outer fruit wall from distinct blotches were excised from 
freshly harvested material; but in 1934 much larger portions were 
taken, in some cases as much as one-foiuth of the erithe outer wall 
being used. The epidermis 'was removed from some samples and 
allowed to remain intact on others. In 1933 the material was killed 
and fixed in alcohol-formalin-acetic acid killing solution, embedded in 
paraffin, sectioned, and stained^ with Delafidd^s haematoxylin. In 
1934 the samples were handled in the same manner, except that the 
large sections, after being cleared in xylol, were photographed with 
transmitted light in that liquid in an especially designed cell. After 
the gross photographs (pis. 2, O and B; 4, A; and 6, ri), atamagnifica- 
tionof Sand 10 diameters, were examined, the portions indicated in 
the plates were dissected from the cleared samples, embedded in 
paraffin, sectioned, and stained in the same manner as the 1933 
material. 

STRUCTURE AND APPEARANCE OF THE PERICARP 

THE PERICARP FROM NORMAL FRUITS 

When the outer fruit walls are cleared in xylol following alcohol, 
the vascular anatomy of the pericarp may be followed easily. Several 
large carpellary bimdles radiate from the corky abscission layer, 
extend around the fruit, and converge again at the stylar scar. Rela- 
tively large branches from the main carpellary bundle are found in 
the fmTows outside the inteiiocular walls and smaller anastomosing 
veins from these extend into these walls (pi. 2, B). In the outer 
carpellary walls other branches of the main bundle appear and extend 
with it to the stylar scar. In the pericarp near the pedicel attach- 
ment and extending to the region of the greatest diameter of the fruit 
few connecting veins are present between the main bundle and the 
large branches (pi. 2, JD). However, from the region of the greatest 
diameter to the stylar scar the bundles anastomose freely and form an 
intricate network of connecting veins (pi. 2, 60. Thus the areas 
between the bundles and veins are larger, and more of their parenchy- 
matous cells are further removed from bundles in the lower half of 
the ovary wall than in the upper half. These observations are, in 
general, in agreement with those of Bewley and White (£) and the 
observations by Cooper (4) on the anatomy and development of the 
tomato flower. 

Histological examinations of the pericarp from mature fruits (pis. 
4, B; and 5, A and B) show that the outer epidermis is made up of 
small, heavily cutinized polygonal cells. The inner epidermis is more 
delicate than the outer and shows little or no cutmization. Only the 
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outer and the inner epidermis and the fleshy layer between the two are 
distinct. The several layers of parenchyma cells constituting the 
fleshy layer adjoining the epidermal layers are smaller and have 
slightly thicker walls than those of the center, w^liere the cells are great- 
ly extended and the walls are excessively thin and delicate at maturity. 
Intercellular spaces of any appreciable size are not present. Through- 
out the center of the fleshy layer, bicollateral vascular bundles, dis- 
sected with vasciflar rays of large, spongy parenchyma occur (pi. 2, 
E). In longitudinal section the tracheae of these bundles are seen to 
be the spirally thickened type (pL 2, F). 

THE PERICARP FROM BLOTCHY FRUITS 

In cleared sections from blotchy fruits large dark areas attendant 
to the bimdles and their branches are apparent, while less dense, 
shghtly diflused areas of similarly affected tissues appear between tlie 
bundles (pis. 4, A and 6, ^1). Under low magnification the bundles 
in blotchy regions seem to be enlarged throughout the extent of tlie 
blotch and give the appearance of being necrotic and functionless, as 
Bewley and White (£) reported from their observations with a hand 
lens. However, when carefully prepared sections are examined under 
higher magnification, the actual conditions of the vascular elements 
and surrounding tissues appear quite different. 

An external view through the epidermis of a blotchy fruit (pi. 3, A) 
illustrates the deceptive appearance of the necrotic and enlarged 
bundle and the anastomosmg veins surrounded by affected tissue. 
In a transverse section of this same area (pi. 3, 5) at higher magnifi- 
cation, the large bimdle appears to the right of the field and the band 
of discolored tissue in the center is from immediately below the 
anastomosing bundle. The elements which appeared plugged at 
lower magnification are in reality open and unaffected, with some 
broken-down vascular ray parenchyma between them. The band of 
dense material, shown under high power (pi. 3, <7 and Z>), is clearly 
composed of collapsed parenchyma cell walls and the c'.ell contents 
from the center of the fleshy layer of the ovary wall. The arrange- 
ment of the collapsed ceils seems to indicate that they were subjected 
to mechanical stresses. 

An interesting picture of affected portions of the perhuxrp and their 
positions relative to the epidermis and vascular biiiidles is shown in the 
transverse section in plate 4, B, The epidermis is wuivy, being sunken 
above portions where the underlying parenchyma has collapsed, and 
unaltered above normal areas and in regions where cavities occur. 
The dense bands of broken-down cells occur between the outer epi- 
dermis and the bundles. In the parts where the epidermis is sunken 
(pi. 5, A), the debris of cell walls and cell contents appears to be forced 
together; while in the portion where the large cavity appears above the 
bundle (pi. 5, .5), fragments of debris have collected around the 
tracheae and dismembered cell walls are found in the resulting cavity. 
A similar cavity intermediate between the epidermis and a point near 
the unmn of two normal bundles, which are surrounded by unafiected 
parenchyma, is shown in plate 7, A. The accumulation of the dense 
cellular material between the epidermal layer and the bundles may 
account for the misconception that the bundles are involved. 




B 


A, Seemingly enlarged and discolored bundles with connectmg veins and associated tissues as they appear 
m a cleared wall Irom a blotchy fruit. The small area (a) is shown m plate 7> A, and the larger central 
portion (6) is shown m J3 X 10. Transverse section of fruit wall shown inA,b. Note the distnbution 
of the bundles (vi, cj, C 3 , ci,) and their relation to the broken-down tissues. The large cavity in the center 
is through the middle of the dark area shown in A. It is the result of rupture during removal of the outer 
epidermis. See plate 7 for details of the marked areas a and 6, X 10. 
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Plate 9* 



A, Transverse section through a large bundle with adjacent cavities (c). The radiating strands of cell debris 
appear to have been draped over the strands of tracheary tissue. Note that the parenchyma of the vas- 
cular rays found m a normal bundle (pi. 2, E) are meluded in the amassed material X 250. B, Longi- 
tudinal view of an adjacent portion of the bundle shown in A The large cavity (c) is bordered at the left 
by distorted cell material, which also covers the tracheae (fr )to the right of the cavity. X 250. 
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Where small, diffused spots appear between the bundles, a different 
condition exists than in areas where dense accumulations of cellular 
material occur The diffused spots are usually made up of broken- 
do\ra cells which have not been forced together into a dense mass, but 
are scattered individually throughout the space they formerly oc- 
cupied (pi. 7, B). This scattered arrangement of dismembered cells 
almost always occurs midway between two bundles (pis. 6, B and 7, 
B) and may be considered as a stage intermediate between the normal 
and the condition where bands of dense material are formed. The 
bundles associated with the disintegrated parenchyma have been 
found to be unaffected in almost every case (pis. 7, B and 8, B). 
Longitudinal tangential sections of blotchy fruits show this relation- 
ship"^ of the bundles to the broken-down parenchyma quite clearly 


(pi. 8, A). 

In severe cases of blotchy ripening, large, dense masses of dead 
cellular material are found to occur in the bundles in such manner 
that even the tracheae appear affected (pis. 6, B; 7, C and D; and 9, 
A and B). Usually, well-defined cavities are present within the 
necrotic bundle, and the whole mass may give the appearance of the 
complete distortion of all the elements of the bundle. Nevertheless, 
under high power one finds the radiating strands of cell debris have 
been pulled in around the strands of tracheae, which form the frame- 
work on which the amassed material is draped. The cells that are 
actually affected include, for the greater part, the thin-walled paren- 
chyma of the vascular rays, while the tracheae are uninjured and 
appear to have functioned normally in the areas beyond the blotch 
(pis. 8, B and 9, A). 

DISCUSSION 


The histological observations reported here, as weU as data from 
other investigations of the disorder, substantiate the hypothesis ad- 
vanced by Seaton ® {12) that blotchy ripening is due primarily to 
conditions resulting from the withdrawal of water from the fruit dur- 
ing periods of excessive transpiration occurring 2 to 5 days before the 
fruit ripens, and indicate that deficiencies of potassium and nitrogen, 
as suggested by Bewley and White (^), are probably secondary and 
occasional. It is evident that blotchy ripening is closely associated 
with the break-down of the parenchyma near and adjacent to the 
vascular bundles of the maturing ovary walls. That some physical 
force is operative in bringing about the conditions antecedent to 
blotchy ripening is also strongly suggested. Moreover, the very 
location of the affected tissues indicates that a strong pull, exerted 
through the vascular system upon the normally large, turgid, thin- 
walled, delicate parenchyma cells between the bundles and connect- 
ing veins of the fleshy layer, results in their rupture and distortion. 
Indeed, areas similar to that shown in plates 4, B and 5, A suggest 
a cleavage of tissue such as might result from loss of turgor, the upper 
portion being supported by the denser tissues of the outer portion 
of the pericarp, while the portion below lacks such support and is 
pulled away. 

MacDougal (8) has shown bjr the use of an auxograph that the daily 
accretion in size of tomato fruits is connected with temperature and 


6 Seaton, H. L See footnote 5. 



222 Journal of Agricultural Besearch voi. 52, no 3 


water relations. As the temperature of the fruit attached to the plant 
rose from 12° or 14° to 26° or 28° C., the volume increased to a point 
where the increased temperature caused an excessive water loss by 
transpiration which overbalanced the gain by hydration. The midday 
shrinkage could not be prevented by watering the plants abundantly. 
His data show that a water deficit may exist in the fruits because of 
excessive transpiration regardless of the moisture content of the soil, 
Seaton,” using an aniline dye under greenhouse conditions favoring 
excessive transphation, has followed the movement of water from the 
fruits to the transpiring leaves. On bright, warm days in July the 
dye appeared in the upper leaves in from 1 to hours after it entered 
the fruit, while on rainy or cloudy days 4 to 8 hours elapsed before it 
could be detected in the fruit pedicel. 

Similar changes in the direction of the water stream have been 
advanced as explanations for similar physiological distuihances, such 
as the blossom-end rot of tomatoes (5), the internal decline in lemons 
(f), bitter pit of apples (7), the dropping of blossoms in the tomato 
(9), and the shedding of unopened bolls in cotton (d). 

In the development of some fruits, according to Eames and Mac- 
Daniels (d), the cells which later form the flesh of the ovary wall are 
formed during the early development, and development to the mature 
condition does not involve cell division. The growth consists mostly of 
the radial enlargement of cells, and in some fruits the formation of 
intercellular spaces Thus, in the tomato, ripening involves, histologi- 
cally, increase in cell size and change in cell shape, the ceUs becoming 
turgid with fluid and the walls excessively thin and delicate. Accord- 
ing to Sando {11), Rosa {10), and others, during the ripening processes 
there is an increase in the percentages of moisture, acids, and sugars, 
and a decrease in solids, nitrogen, starch, pentosans, crude fiber, and 
ash. Consequently, the parenchymatous cells of the outer fleshy 
wall, where the greatest increase in size and the changes in chemical 
composition occur, become more susceptible to injury as maturity is 
approached. Since the climatic conditions which usually prevail dur- 
ing the ripening period of the spring crop of greenhouse tomatoes are 
conducive to excessive transpiration, it is logical to expect the greatest 
losses from blotchy ripening to occur intermittently during that season. 

In the red areas of blotchy fruits the normal ripening and coloring 
are not retarded, and the processes are completed. However, with the 
break-down of the parenchymatous cells near and adjacent to the 
bundles in the blotchy areas, the connections which the outlying cells 
have for the transfer of elaborated foods and water are severed, and 
they are deprived of the materials which are essential for normal 
lipening. Consequently, these areas remain hard and develop the 
colorless or glassy appearance characteristic of the disorder. 

SUMMARY 

A histological study of tissues of greenhouse tomatoes affected by 
blotchy ripening is reported. 

This disorder, which affects greenhouse tomatoes that ripen in May, 
Jime, and July, is characterized by a failure of areas of the outer fruit 
wall to develop and color normally. As the fruit approaches maturity, 
these areas remain hard and green; and as ripening proceeds further, 

' Seaton, H. L See footnote 5 
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they assume a waxy or glassy appearance. The vascular bundles 
lying beneath the blotches invariably appear brown and necrotic, 
and in severe cases cavities may appear adjacent to them. The dis- 
order is restricted to practically mature fruits. 

Anatomically, the vascular system of the normal fruit wall consists 
of large carpellary bundles, their branches, and anastomosing veins. 
The outer fruit wall is made up of the outer epidermis, the fleshy layer 
of large parenchyma cells, and the inner epidermis. The bundles are 
bicollateral, dissected with vascular rays of parenchyma, and with 
sphally thickened tracheae. 

In cleared sections of blotchy fruit walls, large dense areas attendant 
to the bundles are apparent, while less dense, shghtly diffused areas 
appear between them. ^ Cavities frequently occur in the bimdles in 
severe cases. Histological examination reveals that the discolored 
tissues are in all cases parenchyma of the fleshy layer and that the 
bundles are not involved. Bands of discolored cellular material 
appear between the epidermis and the bundles, which produce the 
impression that the bundles are affected when viewed through the 
epidermis. The cavities foimd in blotchy portions are the result of a 
collapse of the parenchyma w^hich originally occupied these areas. 
The diffused spots are composed of dismembered cells from 
the fleshy layer. Cavities in the bundles result from a collapse 
of the vascular ray parenchyma which is pulled in around the unaf- 
fected tracheae. 

The break down of the parenchymatous cells near and adjacent to 
the bundles in the blotchy areas severs the connections of the outlying 
cells for a transfer of elaborated materials and water, and normal 
ripening is inhibited. 

The histological observations reported substantiate an earlier 
hypothesis advanced by the senior author, that blotchy ripening is 
primarily due to conditions which result from the withdrawal of 
water from the fruits during periods of excessive transpiration, 
occurring 2 to 5 days before the fruit ripens. 
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THE PROGRESS OF THE DISTRIBUTION OF SALT IN 
HAM DURING THE CURING PROCESS' 


By R. C. Miller, assistant professor of agricultural and biological chemistry, De- 
pariment of Agricultural and Biological Chemistry, and P. T. Ziegler, professor 
of animal husbandry, Department of Animal Husbandry, Pennsylvania Agricul- 
tural Experiment Station 

INTRODUCTION 

Practicall}^ all methods of curing pork involve the use of salt as a 
curing agent. Its main function is as a preservative to prevent or 
reduce the action of micro-organisms which might cause spoilage in 
the meat. Aside from this preserving action, the salt contributes 
greatly to the palatabihty of the meat. Oversalted pork is undesir- 
able, although it is quite common. The amount of salt present should 
be sufficient to exert the required preserving action but should not be 
so excessive as to impair the palatability of the product. In addition 
the salt should be uniformly distributed throughout the meat to insure 
uniform quality and palatability. 

The process of curing ham involves the application of the curing 
agent, usually a combination of salt, sugar, and either saltpeter 
(KNO3) or potassium nitrite (KNO2), to the meat by one of two 
methods, either by dry curing or brine curing. The meat is then 
allowed to remain in the curing medium for a period of time, which 
is dependent on the size of the cut and the kind of cure. Subsequently 
it is soaked in water to remove the excess salt from the outside, 
smoked, and finally aged or held^ as long as is desirable to improve its 
flavor or as is required for practical purposes. 

The curing process has as its first objective the penetration of the 
salt into all parts of the meat rapidly^ enough to overcome or prevent 
the deleterious effect of micro-organisms. If the meat is dry-cured 
an allotted amount of the curing agent is rubbed into it, usually in 
two or three portions at intervals of several days. Usually the last 
portion is applied no later than 10 days after the beginning of the cure. 
In brine curing, wliich is probably more commonly used, the meat is 
allowed to remain in a brine or pickle for a period, the length of which 
should depend on the strength of the pickle used and the temperature 
at which the cure is conducted. Commercially it is a common prac- 
tice to pump a strong salt solution into the ham previous to placing 
it in the pickle proper. 

Other things being equal, the effectiveness of salt in preventing 
bacterial action should depend largely on the temperature at which 
the curing process is conducted. The optimum temperature is one 
which is high enough to permit the salt to penetrate as rapidlj^ as 
possible, and yet low enough to inhibit excessive bacterial action. 
Temperatures from about 36° to 40° F. seem to fulfill tffis require- 
ment and are commonly used. Lower temperatures are said to retard 
the cure,^ and at higher temperatures spoilage of the meat is liable 

^ Received for publication Sept. 16, 1935; issued March 1936. 

2 Moulton, C. R. meat through the microscope; applications of chemistry and the biological 
SCIENCES to some PROBLEMS OF THE MEAT-PACKING INDUSTRY. 528 pp., illuS. Chicago, 1929. See P 45. 
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to occur before a sufficient concentration of salt is obtained to check 

bacterial action. . . 

The authors have in progress a study of the factors involved m the 
curing of ham and bacon. The present paper reports their findings 
in exiieiTnients made to determine the degree of distribution of salt 
in hams cured by different methods, the salt distribution being related 
to the time allotted to the curing process proper and the time of any 
subseciuent holding or aging. 

EXPERIMENTAL PROCEDURE 

Fifty -nine hams weigliing from 14 to 19 pounds were used for 
curing. The plan followed was, whenever possible, to put down to- 
gether, in the curing agent, both the right and left hams from the 
same hog, and to remove this pair of hams from cure at the same 
time, then to soak them in water to remove excess salt or curing 
agent from the outside. One ham was analyzed immediately before 
being smoked, and the other was smoked and held for a designated 
number of days, when it was analyzed also. The latter ham gave 

information as to the effect 
of holding the ham for an ad- 
ditional period and served 
as a check on the first. 

Each ham was sampled 
by taking a center cut across 
it next to the aitch bone.^ 
Tins cut was about 1 inch 
tliick, 3 inches wide, and as 
long as the tliickness of the 
ham. It was di\T.ded into 
five equal horizontal sec- 
tions which were separately 
ground in a food chopper. 
Each served as a separate 
sample on which moisture and chlorine were detemiined. Thus an 
analysis was obtained on samples representing the center of the ham 
as well as the two adjacent sections, and the two outside sections. 
This method of sampling is depicted in figure 1 . 

The amount of salt present in each section was calculated from the 
chloiine content as determined by the wet-digestion method as given 
by Davies.^ A 5-gram sample of the ground meat was weighed into 
an Erlenmeyer flask, and to it were added an excess of one-tenth 
normal silver nitrate, 10 cc of satm-ated potassium permanganate 
solution, and 25 cc of concentrated nitric acid. This mixture was 
boiled vigorously until all solid particles of the meat were completely 
digested, the average time required being about 20 minutes. Per- 
forated glass beads were used to prevent biunping during the digestion. 
The solution was then cooled by immersing the flask in cold w^ater. 
■\\lien cool, the excess of silver nitrate was titrated with potassium 
thiocyanate in the presence of 2 cc of saturated ferric alum and 10 cc 

3 WouLTON’, C. R See p. 112 of reference cited in footnote 2. 

* DaUES, W L. the DETEBiONATION OF CHLORIDES IN DAmY PROOPCTS AND BIOLOGICAL MATERIAL. 
Analyst ^7: 7y-S5. 1932. 



Figure 1 —Diagram of method of sampling the hams: 
a, Femur; 5, skin side. 
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of acetone. By having a total volume of not more than 100 cc, an 
easily distinguishable brownish-red end point was obtained without 
filtering off the wliite precipitated silver chloride from the yellow solu- 
tion resulting from the digestion. A blank determination on fresh 
pork showed^ it to be so low in chlorine as not to influence the results 
obtained in tins study, in wliicli relatively large ciuantities of salt 
were present. 

The percentage of salt in the dry matter of each of the five pieces 
that were subsampled from a ham w^as computed, and the figures 
obtained were used to calculate the mean salt content and the standard 
deviation of the center cut. It should be mentioned that the figures 
for subsample no, 1 were usually omitted in making the computa- 
tions, inasmuch as this sample was ordinarily mostly fat and practi- 
cally always contained less salt than the lean siibsamples, presumably 
due to its lower water content. The coefficient of variability of the 
salt content was calculated according to the formula 


cF=^X100 


in which cV represents the coeflficient of variability. 

The value thus obtained is a numerical expression which denotes 
the extent to which the salt contained in the ham has become distrib- 
uted or equalized. It is a value which is practically independent 
of the absolute amount of salt present.^ Typical figures illustrating 
the application of this method of expressing the extent of salt equaliza- 
tion are given in table 1, the salt distribution for these two hams 
being quite different because of different methods of curing. 

Table 1. — Data obtained from the five subsaiyiples made from center cuts of two 
hams cured by different luethods and indicating the extent to which the salt was 
distributed throughout ^ 


Subsample no.— 

Salt in ham no.— 

1 

2 

1 (fat sidej - 

Percent 

1 05 

2 35 

2 39 
9.87 

IS 89 

Percent 

1. 50 

8. 50 
8 97 
8 46 

10. 82 

2 - - 

3 (middle piece) 

4 - 

5 (flesh side) 

1 

Mean salt content of entire center cut --- - 

7 01 
90.9 

7 05 

12.1 

Coefflcient of variabilitv 



J All analyses are expressed as percentages of tbe dry matter. 


As illustrated by these two hams, tbe coefficient of variabihty is 
high when the distribution of salt in a ham is not uniform, as in the 
case of ham no. 1, in which the salt is relatively more concentrated 
in subsamples 4 and 5. Conversely it will be low when the salt con- 
tent of the several sections sampled is approximately the same, as in 
ham no. 2. Thus the coefficient of variability is a useful criterion in 
judging the extent of the distribution of salt and presents a means of 
comparing different hams in this respect. 
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It should be pointed out that the mean salt content of the five pieces 
subsampled from the center cut is not the true mean salt content of 
the whole ham. This is apparent when it is recognized that the 
outer portion of the ham (subsamples 5 and 1) represents, on the basis 
of weight, a different percentage of the whole ham than it represents 
in relation to the center cut from which it is taken. The same 
difference exists in a different proportion for the other subsamples 
of the center cut. As given in table 1 the mean salt content of the 
entire center cut is 7.01 percent for ham no. 1 while the salt content as 
determined for the whole ham after grinding it and subsampling was 
5.36 percent. The method of center-cut sampling, therefore, is com 
ventional but serves a useful purpose for comparative studies. In 
addition it serves as an accurate criterion when a consideration of 
salt penetration in relation to the thickness of the meat is desired, 
this aspect being equally as important as the relationships involving 
the weight of the meat. 

In table 2 are given data concerning three different brands of 
standard, first-quaffty, packer's ham which are taken to be repre- 
sentative of this tv 3 )e of product. These hams were purchased in a 
local butcher shop and anal 3 rzed in the usual manner. 

Table 2. — Salt disiributwn first-quality commercial hams of three different brands 


Part of ham or sample 

Salt in ham no — 

1 

2 

3 

Middle sample cno. 3) 

Percent 

7.6 

13.9 

11.6 

25.8 

Percent 
12 9 
15 5 
15 8 
16.1 

Percent 
11 2 
18 1 
14 0 
24 G 

Outside sample (no. 5) 

Mean salt content of entire center cut 

Coefficient of variability for center cut 



No information is at hand concerning the manner in which these 
hams were cured or how long they were out of the cure before being 
sampled. The analysis shows that they contained a considerable 
amount of salt and that, particularly in the case of hams 1 and 3, the 
salt content of the outside pieces was somewhat higher than that of 
the center sample. The coefficients of variability bear out this obser- 
vation insofar as salt distribution is concerned. A value around 25 
would indicate only a fair distribution; thus it is possible that at least 
two of these hams (nos, 1 and 3) were not held long after curing, or 
that some other feature of the cure was such as did not permit much 
equalization of the salt. 

SALT DISTRIBUTION IN DRY-CURED HAMS 

^ In table 3 are given data for hams cured xmder experimental con- 
ditions. Both groups were dry cured with salt and saltpeter. The 
hams having the same curing period were from the same hog. 

The curing agent was applied at the rate of 1 oimce per pound to 
the skinhack hams and 2 ounces per pound to the regular hams, a 
portion large as could be immeffiately taken up by the meat being 
applied in one rubbing, the remainder being sprinkled on the meat. 
The curing was done in wooden boxes from which the liquor exuding 
from the hams was allowed to drain, and in a refrigerated room where 
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the temperature was controlled to about 37*^ F. Pairs of hams were 
removed from the cure at the same time, one ham from each pair 
being immediately analyzed, and the other being held for an addi- 
tional period, as indicated in the table, during which time it was 
smoked and then analyzed. The hams were held in a refrigerated 
room previous to smolong, and at room temperature after smoldng. 

Table 3.- — Salt distribution while curing and after holding in hams dry-cured for 
various periods with salt and saltpeter at S7° F, 


Ham no.i 

Regular hams 

Ham no.i 

Skinback hams 

Length 

of 

curing 

period 

Length of 
holdmg 
period 
after 
cure 

CoefiS- 
cient of 
varia- 
bility 
of salt 

Length 

of 

curing 

period 

Length of 
holding 
period 
after 
cure 

Coefia- 
cient of 
varia- 
bihty 
of salt 

73 

Days 

20 

35 

42 

20 

35 

42 

Days 

0 

0 

0 

30 1 

30 

30 

123.8 
100 9 
«il 9 
52 8 
25.8 
34.4 

3< 

Days 

28 
35 
42 
28 ! 
35 
42 

Days 

0 

0 

0 

32 

32 

32 

92.8 
98.5 
76 7 

14.0 

36.0 

20.0 

13 

104 

53 

94 

103 

54 

23 

14 

33 

6‘ 




1 The superior figures are for laboratory records. 


^ The results indicate that with both methods of curing the equaliza- 
tion of salt was progressing throughout the whole period of observa- 
tion, wliich was from 20 to 74 days. However, the coefficients of 
variabihty are somewhat lower in five out of the six cases for the 
skinback hams, indicating a somewhat more rapid cure. ^ The slower 
cure vith the regular hams may be attributed to the heavier fat cover- 
ing on the hams, tliis layer of fat retarding salt penetration. 

It is apparent that the type of results presented in this paper show 
considerable variation because of the small number of hams^ that have 
been tested. Therefore, the results are of limited value in making 
close comparisons unless large numbers of observations are made, 
but are useful for the present purpose in indicating the general prog- 
ress of salt penetration and equalization. 

In table 4 are presented data for hams dry-cured with salt, brown 
sugar, and saltpeter, using 1 ounce per pound of meat, applied in 
three rubbings. One series of hams was kept during the cure in an 
outside brick building which was unheated, and with the tempera- 
ture uncontrolled. The conditions simulated those that would be 
encountered in farm practice. The other series was cured under 
controlled conditions. 

Salt alone or in combination with saltpeter is commonly used in 
farm practice for curing meats, but it is generally conceded that a 
product of better quality is obtained if the curing agent contains 
some sugar. Unpublished experimental work by the authors has 
shown that a mixture of 8 pounds of salt, 3 poimds of brown sugar, 
and 3 ounces of saltpeter is a satisfactory curing mixture. 

Data for an odd ham are presented in the controlled series, its 
mate having been erroneously cut before the termination of the cure; 
also hams 2^ and were not from the same hog but were practically 
identical otherwise. 
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Table 4.' — Salt rhsinhuiion, while curing and after holding, in hams dry-cured for 
rarwits perioils with salt, brown sugar, and saltpeter, under uncontrolled tempera- 
itire conditions and at 37° C. 



Cured uh salt, Lrown sugar, 
and saiti.eter, curing temper- 
ature uncontrolled 


Cuieii vMth salt, bro 
and saltiietei at 

\\n sugar, 

F. 

Ham no.‘ 

Lensrth 

of 

eurimi 

period 

Ivength of 
holding 
period 
after 
cure 

Coeffi- 
cient of 
vana- 
bility 
of salt 

Ham no 

Length 

of 

curing 

period 

Length of 
holding 
period 
after 
cure 

Coeffi- 
cient of 
% aria- 
bility 
of salt 


Days 

2S. 

Days 

0 

67 7 

-) A 

Days 

21 

Days 

0 

lOS. 8 


3c 

0 

■:fV4 1 

h 

26 

0 

111 9 


42 

0 

57 3 

0 

2S 

0 

120 8 

]!' . 

2s 

O? 

IS 0 

102 

33 

0 

55 3 



32 

12 S 


35 

0 

70 7 


42 

32 

2 a ' 


40 

0 

59 8 


1 




42 

0 

48 7 





K 2 

0-’ 

] 

20 

26 

2S 

30 

30 

30 

t 32 3 

12.7 
15 9 





*7 

35 

30 

12 2 





T- 

in 

30 

8 4 



i 

1 ; 


3 

42 

30 

11 t> 


“ The superior numPers and letters- 'inlicate skiaback hams The othei hams ^^e^e regulai 


In all the hams that were cured for 26 days or more and then held 
for 30 days, the distribution of salt, as judged by the coefficients of 
variability, was uniformly good. It appears that salt equalization 
was progressing at a rather uniform rate during both the curing and 
the holding periods and would be satisfactory after 50 to 60 days. 
Also there is some indication that the distribution of salt in these 
sugar-cured hams, as related to time, is somewhat better than in the 
case of hams cured with salt and saltpeter under controlled conditions. 
A comparison of hams that were cured for approximately the same 
periods and then held for a period after cure, shows that the coeffi- 
cients of variability are lower in all cases for the sugar-cured hams. 

SALT DISTRIBUTION IN BRINE-CURED HAMS 

The results obtained with two series of brine-cured hams are given 
in table 5. The brine w^as made up of 8 pounds of salt, 3 pounds of 
brown sugar, and 3 ounces of saltpeter, dissolved in 4 gallons of water 
and used at the rate of 4 gallons per 100 pounds of meat. The series 
of hams, for which data are given in table 5, were in part cured under 
controlled temperature conditions at about 37 F,, and in part under 
nncon trolled temperature conditions in the smokehouse previously 
described. 

In the cases where comparisons are possible, it does not appear that 
there is much difference in salt equalization in the hams cured under 
either imcontrolled or controlled conditions. 

The coefficients of variability of the salt of the hams cured in brine 
under controlled conditions^ are about the same for all the hams 
analyzed after 25 to 42 days in the brine. The figures for hams cured 
from 25 to 30 days appear to be lower than for those dry-cured for 
approximately the same period. It might be expected that such 
might be true since, in dry curing, all the salt which is ultimately 
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distributed tlirougliout the ham is rubbed into the surface wdthin the 
first few days after the beginning of the cure. From then on the 
salt is penetrating further into the ham and is becoming distributed 
throughout it, the concentration of salt gradually being diminished 
in the outside portion In brine curing, salt is being continually 
taken up by the meat from the brine until the cure in the brine is 
terminated. It would appear from the coefficients of variability, 
that in brine-cured hams the concentration of salt in the outside por- 
tion in relation to the concentration in the inside is never as great as 
it is in the early stages of dry curing. Because of the continued 
adsorption of salt dming the brine cure, equalization of the salt may 
not be as rapid as in dry curing during the cure proper. The data 
show that, in the case of brine curing, most of the equalization occurs 
during the holding period following the cure. 


Table 5.— Salt disiribuHon in hams hnne-ciircd for various 'periods^ both at about 
37° F. and under uncontrolled temperature conditions^ while curing and after 
holding 


Ham no ' 

Cured at about 37° F 

Ham no 

Cured under uncontrolled 
temperature conditions (40°- 
60° F ) 

Length 

of 

curing 

period 

Length of 
holding 
penod 
after 
cure 

Coem- 
cienr of 
vaiia- 
bilitv 
of salt 

Length 

of 

curing 

penod 

Length of 
holding 
period 
after 
cure 

Coeffi- 
cient of 
varia- 
bility 
of salt 


Dai/i, 

DllJK 



Days 

Days 


IB 

25 

0 

84 7 

0'' 

28 

0 

101 3 


28 

0 

H3 8 



35 

U 

72 0 

5L 

30 

0 

81 0 

20 

35 

0 

65.3 

XE 

34 

u 

80 5 

XC__ 

35 

6 

65 1 

2 

35 

0 

90 9 

4^ 

42 

0 

54.6 

5 

38 

u 

84 0 

1C ^ 

35 

30 

31.8 

1 

42 

u 

73 0 

2^^ 

28 : 

61 

10 6 

QB.. 

42 

fi 

73 6 

1\ 

35 

54 

y 5 

U 

28 : 

30 
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1 The superior letters aie for laboratory lecords. 


No mention has been made of the influence of smoking the meat on 
the salt penetration. It might be expected that exposure to the higher 
temperature of the smokehouse woiJd hasten the equalization of salt, 
but as yet the present study has not particularly concerned this point 
and such evidence as has been obtained is inconclusive, although there 
is some indication that smoking slightly speeds up salt equalization. 

With respect to the ultimate distribution of salt, the dry-curing 
and brine-curing processes are essentially the same. However, they 
must differ in fundamental details. Experiments are cited by Callow ^ 
in which small pieces of pork muscle w'-ere immersed in concentrated 
solutions of salt. At first, water diffused from the muscle to the 
solution, the rate of diffusion depending on the concentration of the 
salt solution. Finally, the water began to diffuse back from the 
strong solution of salt to the muscle. Apparently this phenomenon 

* Callow, E. H. theory of curing. [Gt. Brit.] Dept Sci. and Indus. Research, Food Invest. Bd. 
Kept. 1932- 101-102. 1933. 
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does not occur except in the presence of proteins, there being formed 
a salt-protein complex which has an osmotic pressure greater than 
that of the smTounding solution.® Since the salt-protein complex is 
hypertonic to the solution, water diffuses back into the protein- 
containing system. 

Callow^ has also shown that the uptake of salt from solutions of 
different strengths is continuous and is dependent on the strength 
of the brine used, more salt being taken up from the stronger solutions. 

These findings agree with those of practice, the increase in weight 
of brine-cured hams due to uptake of water being commonly recog- 
nized. The results herein presented show, however, that under 
ordinary conditions the salt in a ham is not uniformly distributed for 
some length of time. It is doubtful, with a heterogeneous-phase 
composition vdth respect to salt and tissue constituents, whether 
equihbria vith respect to salt and water uptake are reached in ordinary 
curing practice. Methods of curing, therefore, must be controlled 
procedures which produce the desired effect. 

SUMMARY 

A statistical method is presented, by means of which it is possible 
to express mathematically the extent of the distribution of salt in 
ham at various stages in the process of cmmig. 

Kesults are given for o9 hams, variously cured. 

^ The salt in hams cm'ed by various methods did not become well 
distributed throughout the meat imtil approximately 60 days after 
the beginning of the various cures. Salt equalization begins in dry- 
cured hams as soon as the last portion of curing mixture is applied 
to the meat. In brine curing, salt equalization is accompanied by 
absorption of salt from the brine until the meat is removed from it, 
thereafter salt equalization alone takes place. 

In aU the curing methods used, the aging of hams for 30 days after 
their removal from the em’e permitted further equalization of the salt 
and gave a product of more uniform salt content. 

® Adaib, G. S. a theory of partial osmotic pressures and membrane equilibria, with special 

REFERENCE TO THE APPLICATION OF I> ALTON'S LAW TO H.EMOGLOBIN SOLUTIONS IN THE PRESENCE OF SALTS. 
Roy. Soc [London], Proc A 120: 673-603, illus. 192S. 

’ Callow. E. H section c —pig products. [Gt. Brit ] Dept Sci and Indus Besoarch, Food Invest. 
Bd. Kept. 1929- 67-73, lUus 1930. See p 69 



THE EFFECT OF FREEZING ON THE PHYSICAL AND 
MISCROSCOPIC CHARACTER OF GELS OF CORN AND 
WHEAT STARCHES' 

By Sybil Woodruff, chief in foods, and Henrietta Hayden, research assistant 
Illinois Agricultural Experiment Station 

INTRODUCTION 

The nximber of changes both in the gross and in the microscopic 
appearance of starch gels brought about by freezing is so great that 
it suggests many lines of study in connection with the structure of 
starch granules. It is believed that the facts estabhshed in this 
investigation may be appHcable to the problem of low-temperature 
preservation of food and to that of water removal from food materials 
containing gelatinized starch. The differences foxmd between corn 
and wheat starches may be of value in determining the kind of 
starch for practical use. 

METHODS 

SOURCE AND PREPARATION OF STARCHES 

Starches of both corn {Zea mays) and wheat {Triticum vulgare) 
were prepared by methods designed to leave them as nearly in their 
native state as possible, while at the same time freeing them from 
other constituents of the kernel. Three varieties of corn, Reid Yellow 
Dent, Krug Yellow, and Champion White Pearl, were used as sources 
of starch. So httle difference between them was found that photo- 
micrographs for the Reid com only are shown. 

The com was soaked overnight in cold water and ground several 
times to medium-fine particles. Its starch was washed out and sepa- 
rated from the other material of the kernel, first on a 60-mesh screen, 
then on fine bolting cloth. The starch suspension was centrifuged 
and washed in turn with 2-percent sodium chloride, water, alcohol, 
and ether. Layers of gluten at the top of the starch layer in the 
centrifuge bottles were scraped off. This starch was air-dried for use. 

Wheat starch was prepared by the method previously reported by 
Woodruff and Webber (5)^ from 1934 Fulhio wheat flour milled 
especially by a commercial soft-wheat mill for another experiment 
station project. Slight physical differences between starches sepa- 
rated from bleached and unbleached flours were found, but micro- 
scopic differences were negligible and photomicrographs only of 
unbleached flour starches are shown. 

FREEZING OF STARCH GELS 

Starch gels were made by heating suspensions containing 5 percent 
of starch by weight in a boiling water bath. The starch was first 
moistened with a httle cold water in a conical flask. The boiling 
water was added and the flask swirled until a thermometer in the 

1 Received for publication Aug. 6, 1935; issued March, 1936. A brief paper covering part of these findings 
was read before the food and agricultural division of the American Chemical Society m New York City m 
April 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 237. 
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paste readied the temperatures 70°, 75°, 80°, 85 ? 

The pastes were poured immediately into molds and allowed to cool 
and set to a gel overnight. One set of molds was placed in the 
freezing unit of an electric refrigerator where the lowest temperature 
reached by them was ~2° to -3°. After 5 or more hours they were 
removed from the freezer, allowed to thaw at room temperature, and 
examined microscopically. Another set of niolcls was packed in 
solid carbon dioxide and left for 1 hour, after which they were reinoved 
and allowed to thaw at room temperature. Samples were also frozen 
in liquid air but these were not different from the ones frozen in solid 
carbon dioxide. 

MICROSCOPIC EXAMINATION 

Specimens were removed from the gels with a Imife tip, special care 
being taken to avoid cutting the slireds in the frozen ones. The 
specimens w^ere then mounted in water for microscopic examination. 
Photomicrographs ^xeve made with ordinary hght at a magnification 
of 900 times. Polarized light w^as also uskl for the examination of 
each specimen between crossed nicols, 

RESULTS 

PHYSICAL CHANGES IN GELS CAUSED BY FREEZING 

The following discussion is for the most part confined to the behavior 
of gels made by heating starch suspensions to 95° C. The cornstarch 
made a w^ell-fomied gel even at 75° or 80°, but w^heat starch did not 
until it was heated to a temperature of 95°, for at the low^er tempera- 
tures some starch granules remained unswollen. 

The cornstarch gel after being frozen slowiy where it reached a 
temperature no lower than —2° to"^-— 3° C. became coarsely fibrous with 
some radial orientation of the fibers. It w^as spongelike in that w'ater 
could be pressed from it without its losing shape and it greedily 
absorbed water again. It likewise absorbed water solutions of either 
iodine or of dyes. The original gel, on the other hand, wns not 
penetrated by an iodine solution dropped on its surface; moreover, it 
wras bluish w’hite, pasty, uniform in consistency so far as the unaided 
eye could detect, and did not give up water w'hen pressed. It dried 
in air to a homy film w^hich co5d be remoistened only with difficulty. 
The sponge of the frozen gel, pressed free from water, dried in air, 
giving a porous, fibrous, friable substance which absorbed w^ater as 
easily w^hen diy as it had w^hen moist. The starch thus retrograded 
by freezing could be warmed with water and dispersed sufficiently to 
make a gel again smiilar in appearance to the original one, thonghless 
uniform in consistency. The freezing and dispersing w^ere repeated 
many times without noticeable loss of power to form a gel. Even 
in gelatinized suspensions of 1-percent concentration instead of the 
5 percent used, the fibrous arrangement could be seen. 

Frozen in solid carbon dioxide, the gel changed in gross appearance 
much less; it retained most of its pasty appearance and though it 
gave w^ay wffien pressed, no water came from it. It dried to a horny 
fihn very like the original gel. 

lYheat-starch gels frozen in the refrigerator were fibrous like those 
of cornstarch, but the sponge formed was not so tough and w^ater 
could not be squeezed out so readily. They differed decidedly from 
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Plate i 



Photomicrographs of frozen cornstarch gels A, Gel before freezing; B, 1-percent suspension, frozen at —2° 
to —3® C.; C, gel frozen in solid carbon dioxide; B, gel frozen at —2® to —3®. All were gelatinized at 95°; 
all except B contained 5 percent starch. X 900. 
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PLATE 2 
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Photomicrographs of frozen starch gels and of optically active particles m starch A, Wheat-starch gel 
before freezing; JB, wheat-starch gel frozen at —2° to —3® C ; C, cornstarch gelatinized at 75°; D, wheat 
starch gelatinized at So® and then frozen in solid carbon dioxide. Note optically active particles m C 
and i>. X 900. 
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the frozen cornstarch gels in that they dried to a horny mass which 
did not readil 3 ^ reabsorb water. Tliis point was noted by Holton,^ 
who worked on a similar problem in this laboratory. Gels frozen in 
solid carbon dioxide were again more like the original ones and lacked 
the fibrous structure produced at —2° to —3° O. 

MICROSCOPIC APPEARANCE OP FROZEN GELS 

Freezing effected changes as pronounced in the microscopic appear- 
ance of gels as in the gross. Evidence of these changes is presented in 
plates 1 and 2 . 

It was not easy to show the structure of a starch gel microscopical- 
ly. The swollen granules were very transparent after being heat- 
ed to 95° C.j were packed against each other, and their details 
were indistinct (pi. 1,^1). The remarkable change in appear- 
ance brought about in cornstarch gels by freezing is showui in plate 
1, C and j 5, which presents photomicrographs of a gel frozen in solid 
carbon dioxide and of one placed in the freezing imit of a refrigerator 
where it readied a temperature of only — 2° to ~3°. The very heavy 
veins in the latter seemed to correspond to the fibrous structure 
notjoed on gross examination. Freezing more quicldy at the lower 
temperature produced less change in microscopic as well as in gross 
.appearance, though veining ^ of a light nature was apparent. 
'Plate 1, 5, shows that even in a 1-percent suspension, gelatinized 
starch was profoundly altered by freezing; long fibers are apparent 
there. 

TMieat starch became even more indistinct in outline than corn- 
starch when gelatinized at a temperature of 95° C. Plate 2, A and B, 
shows the wheat starch as it appeared in the original gel and after 
being frozen at —2° to —3°. Definite lines of reorientation are 
visible in the latter though the heavy veins of frozen cornstarch gel 
are absent. 

Starch grains lost their anisotropy as soon as they swelled slightly, 
Very small, oval-round particles which transmitted polarized light 
could be seen, however, after birefringence had disappeared. These 
particles were somewhat visible at all temperatures of gelatinization 
though they were more plentiful and more distinct at temperatures, 
under 95° C. In many cases where particles ocemTed singly they 
showed a Brownian movement. A few such particles can be seen in 
the cornstarch gel previously heated to 95°, shown in plate 1, A, and 
a suggestion of their presence is to be noted also in the wheat-starch 
gel gelatinized also at 95°, of plate 2, A, though in the latter case the 
camera was focused on the outer boundaries of starch granules, hence 
these small particles were not in focus. Plate 2, C and Z>, shows 
these oval-round particles in corn and wheat starches which had been 
heated to temperatures of only 75° and 85° respectively. Wlien 
slight pressure was exerted on the cover glass during the examination 
of starch gelatinized at temperatures of 70° or somewhat above, such 
streams of these particles as are shown in plate 2, <7, were often 
observed. Short chains of them under or on the surface of the 
swollen starch granules were noted more frequently than the long 
streamers just mentioned. The wheat starch of plate 2, B, shows a 
surface on which such particles are visible in great numbers. 

3 Holton, M. the effect of retrogradation on the subsequent gelation op wheat starch. 
Unpublished master’s thesis. Univ. 111. 1934 
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The reinlike structure appearing in the photomicrographs of frozen 
gels, particularly of those frozen at —2° to —3° C., also transmitted 
polarized light. Likewise did dried shreds of frozen starch gels 
mounted without water (not shown in the plates). 

DISCUSSION 

Only a few investigators seem to have mentioned the appearance of 
frozen starch gels and no photomicrographs of them have come to the 
writers' attention. Samec (8) dialyzed gelatinized and frozen potato 
starch for soluble starch on which he made determinations of phos- 
phorus. Baldvvin (f) used freezing as a means of separating alpha 
and beta amyloses of potato starch. Eeilly, 0 ’DonovaU; and 
Alurphy (7) centrifuged the clear liquid from the fibers formed by 
freezing a 5-percent suspension of gelatinized potato starch and re- 
covered an amylose on which to make molecular weight determina- 
tions. 

The hterature contains several references to what might correspond 
to the oval-round particles pointed out in the accompanying plates. 
Several investigators, Samec (8), Hanson and Katz (3), and Hess and 
Eabinowitsch [4), recent years have discussed crystallin or micellar 
structure in hne with the very early conceptions of starch constitution. 
Hanson and Katz reproduced with drawings the arrangement of 
blockhke units in potato, arrowroot, and wheat starches, made 
-suitable for observation by swelling with calcium nitrate. Hess and 
Eabinowitsch photographed by cinematograph the material issuing 
from a punctured potato-starch granule. The hregular mass con- 
-sisted of particles having a Brownian movement. Linsbauer (6) has 
followed the gelatinization changes in potato starch with a hot-stage 
microscope; his drawfings, however, do not include such particles as 
are shovn in this paper. There is at least a suggestion in the resem- 
blance in appearance of the particles of the accompanying photo- 
micrographs to the cellulose particles found by Farr and Eckerson (^) 
in cotton fibers, that the particles seen here in starch have something 
fundamental to do with the structure of the starch granule. 

The observation that gels showed a greater change in both gross 
and microscopic appearance at —2'' to — S'" C. than they did at much 
lower temperatures, was in accord with a result of Katz' (5) work on 
bread staling. The staling process which is concerned with changes 
in sj;arch was found by him to pass through a maximum value at 

2° to 3°, when bread was stored at temperatures varying over 
a wide range. 

A study of the photomicrograplis made in the course of this investi- 
gation lead the writers to believe that the reticulation of the starch 
gels, frozen at 2° to y"3° C. and later thawed, may possibly have 
resulted from the association of micelles or aggregates which in turn 
had formed when the dehydration of the swollen starch granules by 
ice-crystal formation permitted the molecules to be drawn closer 
together through secondary valence forces. The explanation offered 
lor lesser change at the stfil lower temperatures of solid carbon 
dioxide and liquid air is that less injury occurred with rapid formation 
of smaher ice crystals, and the temperature was, moreover, too low 
easny to peimit of the physical changes of reorientation. Indications 
of this he in the fact that if a gel, previously frozen in solid carbon 
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dioxide, was kept for many hours in the freezing unit of the electric 
refrigerator while its temperature rose it would assume practically 
the same microscopic characteristics as the gel that had been all the 
time in the unit at —2° to ’—3°. 

SUMMARY 

Corn and wheat starches were gelatinized at temperatures ranging 
from 70° to 95° C, and gels of 5 percent concentration were then 
frozen at —2° to —3° and also at the temperature of solid carbon 
dioxide. After thawing they were examined for physical and micro- 
scopic changes. In gross appearance the frozen gels were very 
different from the original ones. At —"2°, where the effect of freezing 
was greatest, the gel became like a fibrous sponge from which most 
of the water could be pressed. Other changes in physical properties 
also were noted. 

Photomicrographs are shown of com and wheat starches which 
had been first gelatinized, then frozen. Veined areas appeared in 
gels after slow freezing at —2° to —3° C. Rapid freezing in solid 
carbon dioxide produced fewer changes both in the gross and in the 
microscopic appearance of gels than did slow freezing at —2° to 
— 3°. The veinings in the frozen gels were optically anisotropic as 
were also small oval-round particles seen constantly at different stages 
of swelling. 

LITERATURE CITED 

(1) Baldwin, M. E. 

1930. SEPARATION AND PROPERTIES OF THE TWO MAIN COMPONENTS OF 
POTATO STARCH. JouT. Amer. Chem. Soc. 52: 2907-2919, illus. 

(2) Farr, W. K., and Eckerson, S. H. 

1934. FORMATION OF CELLULOSE MEMBRANES BY MICROSCOPIC PARTICLES 
OF UNIFORM SIZE IN LINEAR ARRANGEMENT. Boyce Thompson 
Inst. Contrib. 6: 189-203, illus. 

(3) Hanson, E. A., and Katz, J. R. 

1934. ABHANDLUNGEN ZUR PHYSIKALISCHEN CHEMIE DER STARKE UND DER 

BROTBEREITUNG. XVIII. WEITERE VERSUCHE, DIE GEWACHSENE 
STRUKTUR DES STARKEKORNS MIKROSKOPISCH SICHTBAR ZU 

MACHEN. . . . Ztschr. Phys. Chem. (A) 169: 135-142, illus. 

(4) Hess, K., and Rabinowitsch, B. 

1933. KINEMATOGRAPHISCHE QUELLUNGSANALYSE IM DUNKELFELD UNTBR 

VERWENDUNG DBS MIKROMANIPULATORS. I. USER DEN MECHAN- 
ISMUS DER QUELLUNG BEI ZELLUL08EFASBRN, STXRKEKORNERN 
UND AHMLiCHEN GEBiLDEN. Kolloid Ztschr. 64: [257]-268, illus. 

(5) Katz, J. R. 

1928. GELATINIZATION AND RETROGRADATION OF STARCH IN RELATION TO 
THE PROBLEM OP BREAD STALING. In Waltoil, R. P., ed., A 
Comprehensive Survey of Starch Chemistry, pp. 100-1 IV New 
York. 

(6) Linsbauer, K. 

1935. MIKROSKOPISCHE STUDIEN tlBER DEN VBRKLEISTERUNGSPROZESS. 

Bot. Centbl., Beihefte 53 (Abt. A): 172-199, Olus. 

(7) Reilly, J., O'Donovan, P. P., and Murphy, H. 

1934. A NOTE ON THE MOLECULAR COMPLEXITY OF AMYLOSE IN POTATO 

STARCH. Roy. Dublin Soc. Sci. Proc. 21: 37-42. 

(8) Samec, M, 

1930, DIB MI CELL ARTHE OKIE DER STARKE IN IHRBN HEUTIGEN FORMEN 
UND DAS PHYSIKOCHEMISCHE VERHALTEN DER STXRKESUBSTANZEN. 

Biochem. Ztschr. 218: [249]-268. 

(9) Woodruff, S., and Webber, L. R. 

1933. A PHOTOMICROGRAPHIC STUDY OF GELATINIZED WHEAT STARCH. 

Jour. Agr. Research 46: 1099-1108, illus. 


U S GOVERNMENT PRINTI NG OFFICE: 1936 




lOIHAL OF ACMCOLTIIAL RE SEARd 

VoL. 52 Washington, D. C., February 15, 1936 No. 4 


WATER SOAKING OF LEAVES IN RELATION TO DEVELOP- 
MENT OF THE WILDFIRE DISEASE OF TOBACCO ‘ 

By E. E. Clayton 

Plant pathologist f Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Leaf spot diseases, popularly referred to as red rust, black rust, 
and white rust, have long been a problem in the culture of tobacco 
(Nicotiana tabacum. L.), but until recently notliing was known as to 
either their cause or prevention. During the period 1917 to 1925, 
however, serious outbreaks of these leaf-spot diseases led to scientific 
investigations, and in consequence the two most important types of 
leaf spot were described respectively as wildfire {Bacterium tahacwnY 
by Wolf and Foster {16y and blackfire or angular leaf spot {Bact. 
angulaturn) by Fromme and Murray (9), Seed treatment, seedbed 
sanitation, and, in some localities, seedbed spraying were recom- 
mended as control measures. These proved very effective in elim- 
inating or greatly reducing the amoimt of seedbed infection, but they 
have not been effective in preventing destructive field outbreaks of 
leaf spot. 

The field epidemics occur late in the season and have been closely 
associated with certain weather conditions and fertilization and 
cultui’al practices. Recently there has been a growing tendency to 
question whether either Bacterium, tabacum or Bact^ anguLatum is 
capable of causing destructive leaf spot epidemics in the field, and to 
regard this leaf break-down as, at least in part, a nonparasitic trouble 
due to unbalanced nutritional conditions, possibly assisted by over 
maturity of the leaf. In support of this view Valleau {IJf) has cited 
the fact that Bact. angulatum when inoculated into leaves produces 
only very small lesions of a harmless nature, while field blackfire is 
characterized by large rapidly developing lesions that cause gi’eat 
destruction. In the earlier work, the fact that the organism could be 
isolated from the large field lesions and would produce small lesions 
from controlled inoculations led to the assumption that it would also 
be able to produce the large type of lesion if suitable conditions were 
provided. 

Exactly the same situation exists with respect to Bacterium tabacum 
and wildfire. Artificial inoculations with the organism have always 
produced lesions consisting of a small central dead area surrounded 

I Received for publication Sept 10, 1935, issued March 1936. 

3 Synonym, Phytomonas tabaca (Wolf and Foster) Bergey et al. 

3 Reference is made by number (italic) to Literature Cited, p. 268. 
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bv a broad yellow balo (fig. 1.-4), and these lesions require about a 
week to de7elor fully. In the field, on the other hand, lesions of 
arte size inav appeal in 2 or 3 days yith little or no suggestwn of a 
halo (fig. 1, B) The halo-type lesions produced by artificial inocula- 




FiGDRE 1 —.4, Halo wildfire. Lesions of this type result when young leaves are pricked with a needle 
dipped in a Bacterium tabacum culture. Note the small central dead area surrounded by a broad yellow 
halo. B, Epidemic wQdflre. These lesions are typical of those wliioh developed in the field during the 
leaf spot epidemic of 1933. Note the large irregular dead areas with little or no evidence of halos around 
the margins. 

tion have been regarded as typical wildfire, but the exact cause of the 
large field- type lesions, referred to in this paper as “epidemic wildfire”, 
has been questioned by various writers. Thus as early as 1921 Chap- 
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man and Anderson (4) reported that in the Connecticut Valley they 
found much ''rusf, which they suggested was probably caused by 
excess of nitrogen and deficiency of potash. Reference to a non- 
parasitic rust which might be confused with wildfire is also made by 
Johnson and Tracker {11). Beach {!) has logically connected the 
nonparasitic blackfire suggested by Valleau (f J) with the nonparasitic 
rust mentioned above, and he states: 

Nonparasitic spots, including what the farmers have called ^‘rust” but referred 
to by pathologists as “blackfire”, often develop on the tobacco at maturity when 
the weather is very wet. 

Thus, both in the southern tobacco region with Bacterium angulatum 
and in the northern region with Bact. tahacum^ the leaf spot situation 
is complicated by the possibility that the destructive late-season epi- 
demics are in part nonparasitic. This view is supported indirectly by 
the failure of recommended control measures to give protection imder 
field conditions, and directly by the fact that artificial inoculations 
with either organism produce small harmless lesions (fig. 1, A) which 
fail to develop into anything resembling the large field lesions (fi^. 1 , 
B). No one, however, has been able to reproduce the large lesions 
under controlled conditions by either pathological or physiological 
methods.^ 

In seeldng an explanation of this situation, the writer has conducted 
work simultaneously with the bacteria mentioned and also with 
various fungi. The present paper, however, records only the results 
secured with Bacterium tabacum. 

The fundamental importance of this study lies in the fact that if the 
destructive, late-season type of leaf spot is not caused by an organism, 
then obviously the present control methods, which are directed at 
eliminating the organism, have no chance of success, and the entire 
problem of leaf spot control must be reconsidered. On the other hand, 
if the organism can be proved to be an essential factor in leaf spot 
development, then the failure of the present control program can be 
safely ascribed to inadequacy of measures recommended and not to 
misdirection of efforts. Obviously, the only way to prove definitely 
either the parasitic or the nonparasitic theory of the cause of leaf spot 
is actually to reproduce the large destructive type of field lesions under 
controlled conditions. 


METHODS OF STUDY 

The organism was isolated from material obtained in many localities 
and from lesions of widely vaiying appearance. Cultural and inocula- 
tion studies with these isolations showed no cliff ei^ences. The patho- 
genicity of all isolations decreased rapidly in artificial culture, but was 
readily maintained bv frequent inoculation and reisolation. In- 
oculations were usually made with 6- to 10-day-old broth cultures 
diluted 10 times with water. Wound inoculations were made with 
shpp-pointed glass tubes, leaving a small drop of the inoculum at each 
prick. Following inoculation the plants were incubated in a saturated 
atmosphere at a favorable temperature (70^-80^ F.) for 48 to 72 hours. 
In prior studies the general practice had been to use very young plants, 
but in this work large plants were employed for both greenhouse and 
field studies. Since the different leaves of large plants do not respond 
in the same manner to infection, it was found advisable to classify 
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leaves as basal, middle, or tip. All measurements of lesion size 
refer only to the area of tissue actually dead. Nutrition studies in 
the greenhouse were conducted wuth field soils of low fertility to which 
the various nutrient salts were added in solution at weeldy intervals. 

Field studies were conducted at the Arlington Experiment Farm, 
near Rossl^m, Va., and at Upper Marlboro, Md. At the former 
location the soil was a medium sandy loam of moderate fertility, and 
at the latter location the soil was a light sandy loam of low fertility. 
At Upper Marlboro there was available an extensive series of agro- 
nomic experiments which provided a vdde range of nutritional and 
topping conditions. The disease was well distributed each year in 
these plantings, and the epidemic type of wildfire was general in 1933. 
The Upper Marlboro plantings provided an exceptional opportunity 
to study the influence of cultural and nutritional factors on disease 
development. The object of the work necessitated taldng data in 
much detail, often as counts of the number of lesions and measure- 
ments of the size of lesions, leaf by leaf.^ Presentation of any con- 
siderable amount of these data is impracticable, and consequently in 
this report significant developments are summarized and supple- 
mented vuth representative data. The large volume of negative 
results secured during the early phases of the study will first be 
referred to very briefly. 

The Maryland Broadleaf variety was used throughout this work, 
and supplementary tests were conducted with Connecticut Havana 
and Cash, the latter being a strain of Orinoco. 

RESULTS OF PRELIMINARY EXPERIMENTS 

It has been suggested that the epidemic type of wildfire is due (1) 
to intensive dissemination of the organism by rain spattering plus 
high humidity, and (2) to excessive plant susceptibility induced by low 
topping and high-nitrogen or low-potash fertilization. During the 
first year and a half of this study, numerous experiments were con- 
ducted along these lines. 

Plants in the field were sprayed with bacteria during the progress of 
rains to find whether intensive inoculation under supposedly favorable 
natural conditions would be effective. In the greenhouse, plants were 
similaiiy inoculated and incubated in a saturated atmosphere for 
various periods and at different temperatures. Excellent infection, 
as judged by the number of lesions, was obtained in both field and 
greenhouse experiments. This was favored by temperatures between 
70° and 80° F. and by incubation periods of 48 to 72 hours. The 
lesions that resulted, however, were all of the halo type, and conse- 
quently they bore no resemblance to epidemic wildfire. 

In other experiments, the effect of height of topping was studied, 
and it was found that low topping increased both the number and the 
size of lesions, but again all lesions were of the halo type. Many 
infection experiments were conducted with leaves of different ages, 
\nth inoculations of both the upper and the lower leaf surfaces, both 
with and without wounding. Wound inoculations were positive under 
all circumstances. Without wounding, young leaves and lower sur- 
faces were more easily infected than were old leaves and upper sur- 
faces. The lesions secured were all of the halo type, and the results 
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tended to indicate that halo and epidemic wildfire are different, for 
in the field old leaves, and not young ones, w^ere most severely injured. 

Extensive nutrition experiments were conducted with "nitrogen, 
phosphorus, potassium, magnesium, and chlorine. The effect of both 
deficiencies and excesses of these elements alone and in combination 
was considered. High nitrogen consistently increased the number and 
size of lesions. High potash was more variable in its effect, in some 
experiments distinctly reducing the amount of infection and in others 
yielding negative results. Phosphorus and magnesium had little 
effect on disease development. Chlorine in excess distinctly reduced 
the amount of disease in some experiments. How^ever, none of these 
treatments altered the character of the lesions, all of which were of 
the halo type of wildfire and consequently caused but little actual 
leaf damage. 

The one conclusion from these experiments was that epidemic wild- 
fire had not been produced by any of the methods tried. On the 
other hand, the failure to pi’oduce extensive leaf break-down could 
not be interpreted as proving the nonparasitic leaf spot conception. 
Kather, it appeared that the essential cause of epidemic wildfire 
might have been missed entirely, and later developments proved this 
to be the case. 

The first clue as to the real predisposing factor was obtained during 
the summer of 1933, when it w^as possible for the first time to follow 
the entire development of an epidemic of leaf spot that w^as associated 
with a severe wind and rain storm. The storm occurred in August of 
that year. 

RELATION OF STORM-INDUCED WATER SOAKING OF LEAVES TO 
EPIDEMIC WILDFIRE 

FIELD OBSERVATIONS 

During the storm of August 1933 numerous water-soaked areas 
scattered over the leaves wove observed. As the strong wind and 
heavy rain continued, these areas increased greatly in number and 
size. Plants were partly tilted over by the wind, and the leaves so 
turned up became extensively water-soaked (fig. 2). There were 
noticeable differences in the amount of water soaking, depending on 
methods of topping and fertilization. These water-soaked areas 
were plainly the result of flooding of the intercellular spaces, and, fol- 
lowing the first violent phase of the storm, they persisted for some 
48 hours, until the weather began to clear. As the sun came out, 
many of these areas cleared up completely, but at the same time 
many others began to turn brown and die (figs. 3 and 4).^ Micro- 
scopic examinations showed abundant evidences of bacteria in the 
dymg tissues. Isolations yielded practically pure cultures of Bac- 
terium tabacum. The lesions that resulted were of the typical epi- 
demic type of wildfire, and the disease caused great destruction 
throughout the tobacco sections of Maryland and Pennsylvania. As 
a check on the question of whether the storm itself produced this 
destructive leaf spot in the absence of the organism, the writer fortu- 
nately had a disease-free plot of tobacco at College Park, Md. This 
plot developed no leaf spot following the storm, regardless of fertilizer 
or topping treatment. 
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Fiq UBE 2. 


•Water soaking as it developed on leaves in the field following a severe wind and tain storm 
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FiQUEE 3» — Epidemic wildfire as it appeared on leaves a few days after tbey had been water-soaked as 
shown ta figure 2. Note the irregular shape of the lesions and the absence of any hato effect. These 
lesions were red brown and typi<^ of the condition often referred to as rust. 
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ARTIFICIAL WATER SOAKING OF LEAVES 

As a result of the observations just described, the entire problem of 
epidemic wildfire was reconsidered. Water soaidng had never been 
encountered in previous inoculation experiments, because the plants 
had always been dampened with a fine mist. Tests now showed that 
typical leaf water soaking could be produced with a strong water 
spray. By using a coarse spray and holding the nozzle about 3 feet 
away, it was possible to produce large water-soaked areas on leaves 
laid against a padded board in K to 2 minutes. These treated leaves 
recovered without injury when they were not inoculated. 

INOCULATION OF WATER-SOAKED LEAVES 

Inoculations made in the usual manner, except that the leaves were 
previously water-soaked, yielded outstanding results. Figure 5 illus- 
trates the disease development in an experiment in which halves 
of leaves were water-sprayed from above until scattered areas ap- 
peared, and the entire leaves were then atomized from below with a 
suspension of bacteria. The tissues that were water-soaked began 
to break down after 64 hours, when the plants were removed from the 
damp chamber, and large dead areas were soon formed which coalesced 
to produce the dead area shown. This was still enlarging when the 
photograph was taken, 9 days after inoculation. Obviously, although 
the water-soaked areas provided the starting points, the ultimate 
lesions extended far beyond the borders of the oiiginal w^ater-soaked 
areas. 

This same sequence also occurs under natural conditions; (1) the 
quick break-down of the infected, water-soaked areas, which takes 
place during the few hours following the storm, and (2) the more 
gradual extension of the lesions, which continues for as much as 2 
weeks. In contrast to this, the small halo lesions, on the side of the 
leaf that was not water-soaked (fig. 5), were not visible until about 5 
days after inoculation, and after a few days they ceased to^ enlarge. 
It seems evident that the secondary extension of lesions originating 
with water-soaked areas can be attributed to the mass action of the 
tremendous population of bacteria within the host tissues. ^ Isolations 
show that, whereas without water soaking the bacteria remain confined 
to the tissues close to the point of inoculation, with water soaking 
large areas of tissue may be swarming with bacteria in as short a time 
as 30 hours. 

Since the major effect of water soaking was to increase the size of 
the lesions, it seemed desirable to measure this effect quantitatively. 
For this purpose 25 leaves were selected on plants of different ages, and 
one-half of each leaf was water-sprayed. Four water-soaked areas 
were selected on each treated half leaf and inoculated by pricking 
lightly in the center with a needle dipped in a suspension of bacteria. 
The half of each leaf not water-soaked was then inoculated similarly, 
and all were incubated as usual. Each experimental leaf was then 
outlined on a sheet of paper, and the location of the inoculations and 
the size of the water-soaked areas were indicated. Outlines were 
made of all lesions at 3, 7, and 16 days after inoculation. The resets 
from all 25 leaves were similar, and are indicated by the detailed 
data from 3 representative leaves given in table 1. 
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PiGUEE 5. — Effect of water soaking on disease development. The entire leaf was inoculated but only the 
right half was water-sprayed before moculation. The lesions on the right half soon spread and coalesced, 
while those on the left remained small. 
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Table 1. — Results from Bacterium tabacum, inoculations on leaf with and without 

water soaking 


Size of lesions after indicated number of days 


Age of leaf 

Lesion 

no. 

Water-soaked and inoculated 

Inoculated only 



3 days 

7 days 

16 days 

3 days 

7 days 

16 days 



Sq in. 

Sg in 

N-7 i n 

Sg in 

Sg. in 

Si}, in 


1 t 

0 12 

0 45 


0 

0 06 

0.06 

Young 


or, 

34 

1 5 8 

0 

0) 

(0 


09 

.90 


0 

02 

.02 


1 4 

. 13 



0 

.05 

.05 






f ^ 

06 

62 

i,26 

0 

06 

.06 

Half grown 

- 

.09 

09 

.75 

75 

2 18 

2 19 

0 

0 

.03 

.04 

.03 

.04 


1 4 

04 

18 

1 00 

0 

03 

.03 


1 i 

02 1 

.30 

2. 20 

0 

0) 

(2) 

Mature- - 

J 2 

.04 

.08 

.09 

.60 

1. 36 
2. 24 

0 

0 

0) 

.03 

C) 

.03 


( 4 

.08 

.75 

2.00 

0 

(2) 

(2) 

Total area killed 


90 

.5 .53 

20 22 

0 

.32 

32 


1 The 4 original lesions coalesced to form 1. » Trace. 


The figures of table 1 show clearly how it is possible with the aid 
of leaf water soaking to produce typical epidemic wildfire. Note that 
with water soaking lesions of appreciable size had formed 3 days after 
inoculation, wdiile without water soaking no development was appar- 
ent at tills time. After 7 days, 100 percent of infection had resulted 
from all inoculations, but the total leaf area destroyed was increased 
by water soaking 1,628 percent. After 7 days there was no further 
increase in the size of the lesions on the half leaves not w^ater-soaked, 
but the lesions with water soaking continued to enlarge, and at the 
end of 16 days the increase in area killed on water-soaked leaves 
was 6,218 percent greater than that on leaves not water-soaked. 
The lesions without water soaking were of the typical harmless halo 
type, and with water soaldng they were of the quick-forming destruc- 
tive epidemic type. It is to be observed also that with water soaking 
leaves of all ages were liighly susceptible, as indicated by the large size 
of lesions formed. Without water soaking the mature leaves were 
most resistant, though the small size of all lesions indicates a high 
degree of resistance for the normal leaf at any age. 

EFFECT OP SIZE AND PERSISTENCE OF WATER-SOAKED AREAS ON LESION 

DEVELOPMENT 

Under natural conditions it has been observed that the water-soaked 
condition of many areas disappears in a few hours, and that when 
this occurs epidemic wildfire does not result. Both during the 
extensive storm of 1933 and during a more local but equally severe 
one in 1934, the vrater-soaked condition of the areas persisted for 48 
hours, and then, as the weather cleared, the break-down of tissues 
took place. Poured-plate isolations showed that after 15 hours the 
bacteria were well distributed throughout some of the water-soaked 
areas but were not numerous. Similar isolations after 30 hours 
showed an enormous multiplication in numbers. It seemed desirable 
to find out definitely whether large water-soaked areas tended to 
facilitate the formation of large lesions. The large areas persist 
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longer, as a rule, than the small ones, but the effect of persistence 
will be considered separately. In seeking to evaluate the direct effect 
of size of water-soaked areas, it w^as first shown conclusively that if 
large and small areas are generally inoculated by atomizing the entire 
leaf surface wdth a bacterial suspension the lesions resulting from the 
larger areas are much the more extensive, owing to multiple infections. 
It is probable, however, that under many field conditions the supply 
of bacteria is limited, and hence comparisons were made with large 
and small w^ater-soaked areas inoculated at only a single central point. 
In these expeximents the lai'ge water-soaked areas ranged from % to 
1 )i inches in diameter and the small areas from h to inch . All inoc- 
ulations were incubated 48 hours, and the lesions were measured 5 
days after inoculation. The results are shown in table 2. 

Table 2 — Cyize of in relation to size of water-soaked areas 


Size of lesiODS on leaves with— 



Experiment no 

Large water-soaked areas 

Small water-soaked areas 



Tip 

leaves 

Middle 

leaves 

Basal 

leaves 

Tip 

leaves 

Middle 

leaves 

Basal 

leaves 

1 

Sq in 

1 1 

Sq in 

1 25 

Sq m 

1 25 

Sq in. 

0 25 

Sq in 

0 25 

Sq m 

1 08 

2 

1.08 

1 25 

1.56 

.29 

i 04 

1. 16 

.3 

1 7.5 

1 17 

1.22 

30 

96 

.92 

1 


Records of the check inoculations, without water soaking, are not 
included in table 2, because at the time data wTre taken they appeared 
merely as faint halos and no dead tissue w^as observed. The tendency 
of the large water-soaked areas to facilitate the formation of large 
lesions is quite apparent, and the data again point to the marked 
effect of the intercellular hquid in facilitating spread of the bacteria, 
through the tissues. 

The relation of persistence of the water-soaked areas to the develop- 
ment of epidemic wildfire was studied by water soaking leaves and 
then holding the plants for various periods in a saturated atmosphere. 
The w^ater soaking disappeared as soon as the plants were removed 
to ordinary greenhouse conditions. The results, taken in terms of 
percentage of leaf ai'ea killed 11 days after inoculation, are presented 
in table 3. 


Table 3. — Relation of persistence of water-soaked areas to disease development 


l,eaf no. 

1 

Percent^e of leaf killed after 

11 days when water-soaked 
areas were held for — 

10 hours 

24 hours 

50 hours 


Percent 

Percent 

Percent 

1 

20 

40 

35 

2 

50 

30 

35 

3 

20 

10 

85 

4 

10 

30 

30 

5 

10 

25 

25 

6 

10 

25 

25 


10 

50 

30 


l-eaf no. 


8 

9 

10 

11 

12 -- 

Average 


Percentage of leaf killed after 
11 days when water-soaked 
areas were held for— 


10 hours 

24 hours 

50 hours 

Percent 

Percent 

Percent 

15 

50 

80 

40 

75 

75 

16 

75 

85 

60 

80 

96 

5 

75 

85 

22 

47 

57 
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Counts were made of number of lesions, and there were about as 
many with 10 hours’ as with 24 or 50 hours’ incubation. Hence, the 
differences in percentage of leaf area killed were the result of the much 
larger lesions that developed with water-soaked areas persisting 24 and 
50 hours. The great increase in leaf area killed occurred between 10 
and 24 hours, and a further increase from 24 to 50 hours had but little 
effect. The results obtained from this and similar experiments showed 
that for the development of the destructive epidemic type of wildfire 
the water-soaked areas must persist for 24 hours or more after inocu- 
lation has occurred. Under field conditions, inoculation and infection 
may not occur for some time after the start of the storm; in fact, many 
water-soaked areas never become infected, and all traces of water 
soaking disappear. The persistence factor consequently is very im- 
portant, and, with both natural epidemics studied, water soaking 
persisted for about 48 hours. 

EPIDEMIC WILDFIRE REPRODUCED IN THE FIELD 

As a final proof of the relation of water soaking to epidemic wildfire 
development, this type of disease was reproduced in the field. To 
accomplish this, plants were sprayed during the early stages of ordinary 
rainstorms until water-soaked areas appeared on the leaves. Part of 
the sprayed plants were then inoculated with Bacterium tahacuin, and 
part were held as iinino dilated checks. Other plants were inoculated 
but not water-sprayed. Figure 6 shows epidemic wildfire that resulted 
from the combination of water spraying and inoculation. Figure 7 
shows the healthy condition of similar plants that were water-sprayed 
but not inoculated. Plants inoculated but not water-sprayed devel- 
oped the usual harmless halo spots. 

FACTORS MODIFYING SUSCEPTIBILITY OF LEAVES TO WATER 

SOAKING 

SURFACE OF LEAP EXPOSED 

It has been shown that when leaves are held in a firm position and 
a strong water spray is applied extensive water soaking can be pro- 
duced in one-half to 2 minutes. Under field conditions, however, 
leaves do not become water-soaked so readily. In fact, only the 
severest storms produce any considerable amount of water soaldng, 
and slight variations in the susceptibihty of the leaves result in marked 
differences in the amount of water soaking and hence in the severity 
of disease development. Observations during storms mdicated that 
water soaking was greatly facilitated when the lower leaf surface was 
exposed. The susceptibihty to water soaking of upper and lower leaf 
surfaces was measured under controlled conditions. Half of each leaf 
was sprayed from above and the other half from below. Table 4 
gives the results from such measurements with two sets of leaves— the 
high-nitrogen leaves, which were very susceptible to disease, and the 
low-nitrogen leaves, which were very resistant. All the plants from 
which the leaves were taken were topped low. Even during the severe 
epidemic of 1933 very httle disease developed in the low-nitrogen plots. 
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Figube 6 —Epidemic wildfire produced in the field by water soaking leaves with a power sprayer, and inoculating during the progress of an ordinary rain. 
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The water soaking disapijeared completely as soon as the weather cleared. 
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Table 4. — Relative susceptibility to water soaking of upper and lower leaf surfaces 
on high-nitrogen and low-nitrogen plants 


I>eaf no 

Time required 
to water-soak 
indicated sur- 
face of leaf from 
high-mtrogen 
plants 

Time required 
to water-soak 
indicated sur- 
face of leaf from 
low-mtrogen 
plants 

Leaf no. 

Time required 
to water-soak 
indicated sur- 
face of leaf from 
high-nitrogen 
plants 

Time required 
to water-soak 
indicated sur- 
face of leaf from 
low-nitrogen 
plants 

Upper 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Lower 

1 . - 

Seconds 

90 

70 

90 

Seconds 

45 

45 

45 

1 

Seconds 

240 

330 

235 

Seconds 

180 

270 

160 

4 

Seconds 

105 

no 

Seconds 

60 

40 

Seconds 

360 

300 

Seconds 

360 

420 

o 

5... 

3 

Average.. 

93 

47 

293 

278 



Tlie marked difference in susceptibility to water soaking between 
leaves from low-nitrogen and those from high-nitrogen plants is to 
be noted first, and the extreme resistance of the former explains 
adequately theii* freedom from epidemic ^\dld^ire. The most rapid 
water soaking was secured mth high-nitrogen leaves having the lower 
leaf surface exposed, the average time being 47 seconds. The same 
leaves, but with upper surface exposed, required an average of 
93 seconds to water-soak. 

In another experiment leaves ■were taken from plants given average 
topping and fertilization treatment. As in the previous test, half of 
each leaf was sprayed from above and the other half from below. 
However, the duration of the spray treatment was 1 minute from 
below and 2 minutes from above. The data were taken in terms of 
size of water-soaked areas (table 5). 


Table 5. — Relative susceptibilify of upper and lower leaf surfaces to water soaking 


i 

1 

Leaf no. 

Size of water-soaked 
area 

Leaf no. 

Size of water-soaked 
area 

Lover 

surface 

sprayed 

1 min- : 
ute 

Upper 

surface 

sprayed 

2 mm- 
utes 

Lower 

surface 

sprayed 

1 min- 
ute 

Upper 

surface 

sprayed 

2 min- 
utes 

1 

Sg m 

16 9 
24 2 
12 5 
10 5 

Sg. in 

12 26 
15.0 

4 5 

7 5 

5 

Sg, in. 
30.5 
26.2 

Sg. in. 
18.8 
9 7 

0 

6 . 

3 

Average . . 

4... 

20,0 

11.3 




A comparison of average results shows that a 2-minute treatment 
of upper surfaces produced 11.3 square inches of water soaking, while 
a treatment half as long of lower surfaces gave 20 square inches. 
Similar experiments have been conducted with many lots of leaves. 
Lower-surface exposures of equal duration have yielded water-soaked 
areas as much as five times as large as those obtained with upper- 
surface exposures. Hence it may he concluded that if leaves are so 
turned that the under surface is exposed to the rain, water soaking is 
greatly facilitated. 

Earlier in this study it was shown that the normal leaf, not water- 
soaked, is more readily infected by applying the inoculum to the 
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lower leaf surface, and that the upper surface of mature leaves is 
especially difficult to infect. In view of this, it seemed advisable 
to consider the effects of different combinations of w^ater-spray treat- 
ments of upper and lower leaf surfaces with inoculations, as shown 
in table 6. Tliis experiment was repeated several times with similar 
results. 

Table 6. — Effect of different conihhiations of umter-spray and inoculation treat- 
ments on disease development in old and in young leaves 


Leaf surface treated 

Old leaves 

Young leaves 

Water-sprayed i 

1 

1 

1 

Inoculated 

Average 
number 
of lesions 

Average 
percentage 
of leaf area 
killed 

Average 
number 
of lesions 

Average 
percentage 
of leaf area 
killed 


Tipper 

1 

0 

24 

1.5 

50 

Upper 

.„db 

31 

47 

83 

Lower _ 

do 

65 

80 

200+ 

85 

SO 

None 

T ,nwp.r 

6 

1 

3 5 
90 

80 

Lower - 

do 

118 

100 

200+ 

200+ 

Upper 

.__do 

69 

87 




In comparing results^obtained with old and wdth young leaves, it 
is to be noted that, although all leaves were equally w'ater-soaked in 
the beginning and saturated air conditions were maintained during 
incubation, the water-soaked areas were always retained more com- 
pletely by the^ more mature leaves. This difference is associated 
with slightly higher values for percentage of leaf area killed in the 
case of the mature leaves. The chief point brought out by table 
6, however, is that there is little relation between susceptibility to 
infection of the normal leaf and the development of epidemic wildfire. 
The old leaves that were infected with difficulty when not water- 
soaked were destroyed by the disease after water soaking even more 
completely than were the young leaves that were readily infected. 
Table 6 shows also that, regardless of which leaf surface was water- 
sprayed and which was inoculated, all developed the epidemic type 
of disease; the minimum of leaf area destroyed was 47 percent and 
the maximum 100 percent. Without water soaking, the same inocu- 
lations produced only the halo type of wildfire, and the minimum and 
maximum figures for area killed were 0 and 3.5 percent, respectively. 

LEAF INJURIES 

In the field, after storms, water-soaked areas were frequently 
observed surrounding old wildfire lesions. Similar water-soaked areas 
were noted about fresh mechanical injuries, but old injuries or insect 
punctures had no effect. Experiments under controlled conditions 
confirmed these observations and showed conclusively that both fresh 
mechanical injuries and wildfire lesions of any age materially reduce 
leaf resistance to water soaking. Toward the latter part of the 
summer medium- to small-sized wildfire lesions often are ^ very 
numerous, and their function in supplying bacteria for further disease 
development is obvious. The data in table 7 show their importance 
in increasing susceptibility of leaves to water soaking. In this ex- 
periment parrs of adjoining healthy and diseased leaves from the same 
plant were compared. 

64105 ‘^— 36" — — 2 
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Table 7. — Efect of old wildfire lesions on the susceptibility of leaves to water soaking 



Size of water-soaked area of leaf with— j 

Leaf 

pair 

no. 

Upper surface 
sprayed min- 

utes 

Lower 

sprayed 

surface 
H minute 


Diseased 

leaf 

Healthy 

leaf 

Diseased 

leaf 

Healthy 

leaf 

1 

Sq in. 
16.5 

Sq. in 

3 2 

Sq in. 
7.75 

Sq. in. 
7.75 

2-t 

8 0 

4 0 

7 3 

6.7 

3 

5.5 

.75 

5.75 

1 0 

4 

6.25 

6 25 

4 0 ! 

4.2 

r, 

In 0 

7.5 

7 7 1 

3.4 

6 - 

11.0 

5 5 

12.5 

12.5 



Size of water-soaked area of leaf with — 

Leaf 

pair 

no. 

Upper surface 
sprayed 1? i min- 
utes j 

Lower surface 
sprayed % minute 


Diseased 

leaf 

Healthy 

leaf 

Diseased 

leaf 

Healthy 

leaf 


Sq. in. 
5,5 

Sq. in. 
3.2 

Sq. in 

6 5 

Sq. in. 

\ 2.0 

8 

12 0 

4 5 

8 3 

9.0 

9 

19 0 1 

12 5 

17 9 

18.6 

10 - 

12 0 

2.6 

11.0 

12.0 

Average-! 

ILl 

6.0 

8.9 

7.7 


The 10 pairs of leaves used in this experiment were selected with 
special care to insure that they were as nearly ahke as possible, except 
for the presence or absence of wildfire lesions. These lesions, how- 
ever, were neither numerous nor large. ^ The outstanding develop- 
ment was the marked increase in susceptibility of upper leaf surfaces 
to water soaking, as a result of the presence of disease lesions. This 
correlates with the field observation that diseased leaves often show 
extensive water soaking while adjoining healthy leaves are but little 
affected. 

Indirectly these experiments indicated that the intercellular water 
is driven in from the outside rather than exuded from the cells, and 
that many wildfire lesions which appear inactive are probably en- 
larging slowly, since otherwise they should behave in the same manner 
as old mechanical injuries. 


LEAP MATURITY 

When tobacco plants ai'e either topped high or not topped at all, 
the basal leaves may be mature while the tip leaves are yet very young. 
These differences in leaf maturity have been associated with marked 
differences m the susceptibility of the leaves to water soaking and to 
epidemic wildfire, and, while nutrition affected the total amount of 
(iisease, it did not alter the base-tip relation. Thus, field counts 
following the 1933 epidemic showed in the low-nitrogen plots averages 
per plant of one basal leaf killed, the next two or three leaves severely 
injured, and from there to the tip a rapid decrease in injury to a bare 
trace. The upper three-fourths of these plants showed abundant in- 
fection, but the lesions were almost entirely of the harmless halo type. 
Adjacent plots that received no potash averaged four basal leaves 
killed and the next four or five severely injured, only the tip quarter 
of the plant escaping injury. These differences in wildfire injury on 
different portions of the same plant were clearly associated wdth 
differences in winter soaking. The areas were much larger on basal 
leaves and persisted much longer. 

Susceptibihty to water soaking of different leaves from the same 
plant w^as measured in the usual manner. Table 8 shows the results 
from one experiment in which a half-minute treatment of the lower 
leaf surface w^as used. 



Feb. 15, 1936 


Development oj Wildfire Disease of Tobacco 


2b1 


Table 8 . — Belative susceptibility to water soaking of basal, middle, and tip leaves 


Plant no 

Area water-soaked | 

Persistence of water-soaked 
condition 

Basal 

leaves 

Middle 

leaves 

Tip 

leaves 

Basal 

leaves 

Middle I 

leaves j 

Tip 

leaves 


Sq in. 
27.5 

Sq. in 

10 8 

Sq. in. 
0.0 

Hours 

5 5 

i 

Hours 

0 25 

Hours 

0.0 

•) 

18.3 

1 0 

.2 

2 75 

2.25 i 

1.0 


12.8 

1 0 

.3 

5.0 

2.5 

.5 


21 3 

2.3 

.2 

4.5 

2.0 

1.0 
• 75 

5" . — 

13 0 

1,3 

.4 

4 0 

1 0 

fi 

11 5 

1.5 

.2 

4. 75 

1.25 

.75 






Average 

17.4 

2. 98 

.22 

4. 42 

1.54 

.67 




The results given in table 8 show clearly that from the base to the 
tip of the plant the size of the water-soaked areas decreases rapidly, as 
does also the length of time that the water-soaked condition persists. 
These differences are quite adequate to explain the observed difference 
in disease development. Additional studies of the relation of leaf 
maturity were conducted by inoculating plants of different ages in 
the greenhouse and by making successive plantings in the field. In 
such tests the older plants were severely injured by the epidemic type 
of wildfire, while the young plants, though freely infected, suffered 
but little injury. 

The data given in table 8 were secm-ed by water spraying lower leaf 
surfaces. Treatments applied to the upper leaf surfaces yielded 
results quite as marked. Thus in one experiment, in which a 45- 
second treatment was used, mature leaves developed large water- 
soaked areas that persisted for an average period of 5 hours and 50 
minutes. The much smaller areas on the immature leaves persisted 
for an average period of 37 minutes. In conclusion, it is to be noted 
that while young leaves tend to escape water soaking, and hence 
disease damage, yet under very severe storm conditions both young 
and old leaves may become heavily water-soaked. When this 
happens, there is no difference in the degree of subsequent disease 
injury. 

HEIGHT OF TOPPING 

The height at which plants are topped has a consistent and marked 
effect on their susceptibility to leaf spot. It is probable that the 
primary effect of topping is on leaf maturity. Thus, as has been 
pointed out in the discussion of leaf maturity, plants that either are 
not topped or are topped high bear old leaves at the base and young 
leaves at the tip. Topping hastens the matuiity of the tip leaves 
that remain, and the lower the plants are topped the greater is the 
tendency for the remaining leaves to mature together. The effect of 
such low topping on disease susceptibility is illustrated by a green- 
house experiment in which aU leaves were uniformly water-sprayed 
and inoculated; the results are summarized in table 9. 
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Table 9. — Effect of topping on leaf spot injury 


Leaf area killed 


Location of leaves on plants 

Low- 

topped 

High- 

topped 

Not 

topped 

Base ... . .. 

Percentage 
79.3 
81.7 
75 4 

Percentage 
67 9 
36.6 

9 4 

Percentage 
76 0 
43 4 
7. 1 

Middle 

Tip... ... 



The low-topped plants averaged 6 leaves, the high-topped 13 
leaves, and those not topped 16 leaves. Infection was abundant on 
all leaves, and the differences in percentage of leaf area killed were 
due to differences in size of lesions. It is noteworthy that all the 
leaves of the low- topped plants responded alike to the disease and 
were highly susceptible, while in the other plants there were marked 
differences in susceptibility between the basal and the tip leaves. 

The effect of topping on disease was equally marked in the green- 
house and in the field. The data collected from the field plots at 
Upper Marlboro, Md., following the epidemic of 1933, were of 
special interest. 


Table 10. — Influence of topping on wildfire development in the field in 1933 


Location of leaves on the plants 

Plants topped low 

Plants not topped 

Average 
number 
of lesions 

Diameter 

of 

lesions i 

Area 

killed 

Average 
number 
of lesions 

Diameter 

of 

lesions 

Area 

killed 

Base 

8004- 

650 

600 

Inches 

0 44 
.28 
.22 

Percent 

75 

40 

25 

800 
650 1 
375 

1 

Inches 

0 13 
.09 
.06 

Percent 

10 

5 

1 

Middle 

Tip 



J The lesions measured had space enough for full developmeQt; many lesions were so close together that 
they soon coalesced. 


The low-topped plants averaged 13 leaves; the plants that were not 
topped, 25 leaves. The figures for the average number of lesions per 
leaf are given because they show clearly that all leaves were freely 
infected, and the differences in disease* loss were the result of the 
much larger size of the lesions on the leaves of the plants topped low. 
It is to be noted that in this field experiment even the basal leaves 
of the plants that were not topped suffered but little injury. 

. observations indicated that the differences in disease suscep- 
tibih ty induced by topping were the result of differences in suscepti- 
bility to water soaking, which either facilitated or inhibited the de- 
velopment of the epidemic type of wildfire. Figure 8 illustrates this 
topping on type of disease developed. To measure suscep- 
tibihty to water soaking under actual field conditions, selected plants 
were treated with a power spray during the course of an ordinary rain, 
and counts of number of w'ater-soaked areas persisting were made 
^ hen the weather began to clear, 19 hours later. The average num- 
ber oi areas on low-topped plants was 15.3 per leaf; on high-topped 
plants, 0.2 per leaf. In another test of susceptibility to water soakmg, 
21 leaves were picked from low-topped plants and an equal number 
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from plants that were not topped. All were subjected to a uniform 
water-spray treatment, and data were taken on both size and persist- 
ence of water-soaked areas. The comparative figures for water- 
soaked areas were as follows. For size: Low-topped, 15.45 square 
inches; high-topped, 7.15 square inches. For persistence: Low- 
topped, 5.8 hours; high- topped, 3.9 hours. The water spray in tliis 
experiment was applied to the lower leaf surface. Previous experi- 
ments had indicated that where differences in susceptibility to water 
soaking were involved these differences tended to be greater with 



Figure 8.—^, Halo wildfire on a plant that was not topped, n, Epidemic wildfire on an adjacent low- 
topped plant. Leaves on plants that are not topped water-soak with difficulty and, except under the 
most severe storm conditions, are but slightly injured. Leaves on low-topped plants water-soak easily 
and the areas persist, hence their susceptibility to the epidemic type of disease. 


upper leaf surfaces. The results of an experiment summarized in 
table 1 1 tended to support this view. 


Table 11. — Influence of topping on the siisceptibiliiy of leaves to water soaking 


Water-soaked areas 


Leaf no. 

Lower surface 
sprayed l min- 
ute 

Upper surface 
sprayed 2 min- 
utes 


Low- 

topped 

Not 

topped 

Low- 

topped 

Not 

topped 

1 

Sq. in. 
14.3 I 

Sq. in, 
12 0 

Sq. in. 
10.9 

Sq. in. 
7.3 

2 

22.3 

10.0 

11.8 

2 6 



7.7 ! 

4 0 

2.8 

1.3 

4 

5.3 i 

1.0 

4 3 

1.0 

5 - 

30 0 1 

12 3 

15 3 

7.6 


Water-soaked areas 


Leaf no 

Lower surface 
sprayed 1 min- 
ute 

Upper surface 
sprayed 2 min- 
utes 


Low- 

topped 

Not ’ 
topped 

Low- 

topped 

Not 

topped 

6 

Sq. in. 
24.0 

Sq. in. 
8.3 

Sq. in. 
6.3 

Sq in. 
2.6 

7 

19 3 

11.1 

6.0 

1.3 

8 

10.0 

6.7 

9.6 

.0 

Average 

16.6 

8 2 

8 4 : 

2 9 
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The data presented in table 11 show that when the water spray 
was applied to the lower leaf surface the areas produced were twice 
as large on leaves from low- topped plants; when the upper surfaces 
were treated, the areas on leaves from low- topped plants were three 
times as large. The data show also the wide variation in size of water- 
soaked areas produced on supposedly similar leaves. Thus on leaves 
from the low- topped plants the range was from 5.3 to 30.0 square 
inches. Wide variations such as this have been the rule in the field, 
where they were first assumed to be due enthely to unequal exposure. 
Evidently leaves that are close together and look alike may yet possess 
differences sufficient to have a marked effect on the amount of water 
soaking. This explains why apparently similar leaves may be either 
slightly or severely injured by the disease. 

Before concluding the discussion of topping, attention should be 
called to several modifying factors that are operative under field con- 
ditions and that tend to increase the differences previously noted. In 
the first place, leaves on low-topped plants are stiff and brittle while 
leaves on plants not topped are thinner and more pliable. Conse- 
quently, leaves on low-topped plants offer a much firmer resistance 
to wind and rain, and, when they do bend, mechanical injuries are 
frequent. In the controlled experiments aU leaves were held against 
a padded board and much care was taken not to injure them. This 
procedure eliminated the field conditions mentioned. A second field 
factor, facilitating the water soaking of leaves on low-topped plants, 
was the tendency of these leaves to turn over in the normal course of 
growth, and so to expose the under surface. The counts from field 
plots given in table 12 indicate the comparative number of upturned 
leaves found under different fertilization and topping treatments. 

Table 12 . — Topping in relation to number of upturned leaves ^ on plants grown unih 
various quantities of nitrogen 



Upturned leaves 
on— 

Fertilizer treatment 

I(OW- 

topped 

plants 

Plants 

not 

topped 

No nitrogen 

Number 

3 

Number 

0 

Regular nitrogen. . 

12 

7 

EQgti nitrogen 

56 

26 


I Total for 40 plants in each case. 

The comts of leaves turned up were the totals in each case for 40 
plants. Since there were twice as many leaves on the plants that 
were not topped, the actual differences, in proportion to total number 
of leaves, were much greater even than indicated in table 12. The 
greater susceptibility of upturned leaves to water soaking results in 
these being the first to develop epidemic wildfire, and it is interesting 
to note that low topping and hign-nitrogen fertilization, the combina- 
tion that produces maximum leaf susceptibility, also produces the 
maximum of upturned leaves. This factor, then, has an appreciable 
eftect in making a susceptible planting even more susceptible. 
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FERTILIZATION 

In the nutrition experiments at Upper Marlboro, the development 
of wildfire has been consistently modifi.ed by variations in fertiliza- 
tion. The plots most susceptible to disease were those that were 
topped low and received a high-nitrogen fertilizer, those recehung no 
potash, and those receiving no fertilizer at all. Resistance was 
clearly correlated with low-nitrogen and high-potash fertilization. 
Figure 9 shows the marked effect of fertihzation on disease develop- 
ment. Just as in the case of other factors, these differences have been 
associated with modifications in leaf-water relations, by both field 
observation and controlled experimentation. Table 13 clearly shows 
the marked effects of fertilization on disease development. 


Table 13 . — Wildfire developinent as modified by fertihzation, Upper Marlboro, 

Md., 1983 


! 

Average 
number 
of lesions 
per leaf 

i 

Average number of leaves per plant 

i Esti- 
mated 
total 
damage 

Fertilizer treatment 

Killed i 

Severely 

injured 

Slightly 

injured 

Not in- 
jured 

No fertilizer- 

(0 

3 

7 

3 

i 

0 

Percent 

SO 

No potassium 

850 

2 

5 

6 

0 

55 

No phosphorus 

350 

0 

2 

S 

4 i 

20 

No nitrogen 

150 

0 

0 

i 

10 I 

3 

Complete fertilizer 

500 

0 

3 

10 

4 

25 


1 Lesions coalesced. 


Table 14 shows the susceptibility to water soaking of leaves from 
the above-mentioned plots. The values in each case are averages for 
five leaves, and the experiment was duplicated with similar results. 

Table 14. — Susceptibility of the leaves to water soaking as affected by fertilization 


Fertilizer treatment 

Average i 
size of 
water- 
soaked 
areas 

Average i 
persistence 
of water- 
soaked 
areas 

Fertilizer treatment 

Average * 
size of 
water- 
soaked 
areas 

Average ^ 
persistence 
of water- 
soaked 
areas 

No fertilizer— 

No potassium 

No phosphorus 

Sq, in 

21.3 

22,8 

11.5 

Hours 

1.9 

2.75 

1.2 

No nitrogen 

Complete fertilizer 

Sq> in. 

3.9 

12 5S 

Hours 

0.2 

1.3 


* Average for 6 leaves. 


The correspondence between susceptibility to water soaking, as 
indicated either by the size or persistence of water-soaked areas 
(table 14), and disease susceptibility, as indicated by the percentage 
of estimated total damage (table 13), is so apparent as to require no 
comment. The only variation from the expected was that, with no 
fertilizer, water-soaking values were not so high as would be antici- 
pated. Additional evidence that fertilization modifies disease develop- 
ment through its effect on water relations may be seen in table 4, 
where susceptibility to water soaking of leaves from high- and low- 
nitrogen plants is compared. The former were disease-susceptible 
and easily water-soaked, the latter disease-resistant and difficult to 
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240 pounds per acre was used the average size of the water-soaked 
areas was only 5.8 square inches and their average persistence 0.1 
hour. 

In conclusion, however, it is to be noted that these marked effects 
from fertilization were obtained at Upper Marlboro, with a very light 
sandy soil, and that the treatments indicated had been repeated for a 
number of years. Experiments elsewhere, with more fertile soils and 
with the different treatments applied to bi t a single year’s crop, 
failed to show marked differences in plant growth, in disease develop- 
ment, or in susceptibihty to water soaking, except in the case of nitro- 
gen. Hence, while it may be safely concluded that excessive nitro- 
gen applications will generally produce increased susceptibihty to 
wdldfire, both the nature of the soil and previous fertihzation evidently 
will determine the effectiveness of potash. For example, in Pennsyl- 
vania the soil type is such that plants absorb but httle potash, regard- 
less of the amount applied. 


DISCUSSION 

This investigation, which was undertaken to elucidate the etiology 
of the destructive type of leaf spot that attacks tobacco in the Mary- 
land-Pennsylvania area, resolved itself into a study of the relation of 
storms to the development of epidemic wildfire. The relation of 
storms to the development of destructive wildfire epidemics had been 
reported many times and had been explained on the basis of dissemina- 
tion. Thus Chapman and Anderson (4, p. 71) early showed that the 
organism could be readily spread by rain spattering, and their explana- 
tion of storm effect was as follows: 

It ha.s been noted by all investigators of the disease and by tobacco growers 
that rapid spread invariably follows heavy rains. When the raindrops fall on 
the diseased spots, the bacteria float out into the water and successive drops 
splash them to other leaves of the same plant or neighboring plants. If the rain is 
accompanied by wind, the drops are carried farther and the spread is greater to 
the windward of diseased plants. * * ^ These two agents (wind and rain) 

are undoubtedly the most potent of all the factors involved in dissemination. 

While this conception was generally accepted, certain other workers 
offered different hypotheses. Thus Johnson and Fracker (if, p, IS) 
say: 

Storms, especially beating rains, however, have a very important relation to 
wildfire in that they favor infection to a high degree. The bacteria are often 
unable to infect leaves except through slightly w^ounded tissue, such as may be 
produced by beating rain, although with rapidly growing tobacco, moisture in 
itself often suffices for considerable infection. The facts are, generally, that heavy 
infection and damage practically depend on storms or continued rains. 

Still another interpretation of storm effect was given by Clinton 
and McCormick (7, pp. S87, S88) as follows: 

The greatest injury comes just after the disease spreads over the plants during 
the period of wet weather and the sun suddenly shines again. The halo spots 
then turn to brown irregular burn-like areas. This transformation often takes 
place quickly and so probably is largely a mechanical injury to the badly infected 
tissues. 

The statements given in the last two quotations appeared in 1922 
and have not been referred to since then. More recently Boning 
{2, pp. 12-18) has advanced the hypothesis that rains affect disepe 
development by modifying plant nutrition. He suggested that duri^ 
dry weather nitrates accumulate in the sm'face soil, and that the rains 
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then wash the nitrates down to where the roots can absorb them. 
In this manner the nitrogen intake is increased and the leaves are made 
more susceptible. 

The negative results reported in the first part of this paper show 
quite conclusively that the development of epidemic wildfire cannot 
be adequately explained by dissemination, leaf injury, or nutrition. 
Inoculations/ in which these and all other known environmental and 
plant factors w^ere widely varied, always resulted in the formation of 
small dead areas, rarely more than one-fourth inch in diameter, which 
were surrounded by yellow halos. Even large numbers of these halo 
lesions caused but httle actual leaf damage. 

The first definite clue to the factor responsible for the development 
of the destructive epidemic type of wildfire was the discovery that 
during very severe rain and wind storms numerous water-soaked areas 
appeared scattered over the leaves. These were external evidence 
that the intercellular spaces below were flooded. So far as the writer 
is aware, the only previous observation of these water-soaked spots 
was made by Valleau and Johnson {15), who associated them with 
what they considered to be nonparasitic blacldire. The writer 
found that these water-soaked areas facilitated invasion by the bac- 
teria but that by far their most important effect was in facilitating the 
spread of the bacteria through the leaf tissues after infection had 
occurred. This penetration was so rapid that large areas of diseased 
leaf began to wfilt and die after 48 hours. The death of the diseased 
tissues was most rapid after the sun appeared, just as suggested by 
Clinton and IvIcCormick (7), but only because the sun hastened the 
necrosis. Following this initial rapid-development phase, the bacteria 
were able to invade and kiU new tissues for a period of 10 to 14 days, 
and this resulted in a secondary and more gradual phase of lesion 
enlargement. 

It IS of interest now to consider why the lesions of epidemic wildfire 
differ so materially in appearance from those of halo wildfire. The 
conspicuous feature of the latter is the yellow halo surrounding the 
small central dead area, and the confusion regarding the cause of 
epidemic wildfire was due (1) to the rapid development of the lesions, 
(2) to their large size, and (3) to the fact that they showed little or no 
halo effect around the margins. The halo is caused by the toxin 
excreted by the bacteria diffusing out ahead of the organism into adja- 
cent living^ cells and destroying the chloroplasts, as has previously 
been described {6). Hence halo lesions result when the bacteria 
remain alive for some time in an area but are unable to rapidly invade 
and destroy the adjacent cells, thus giving the toxin time to diffuse 
out ahead. With the aid of water soaking, however, tissue invasion 
proceeds at such a rate that the adjoining tissues are killed before 
there is time for the development of halos. Thus the appearance of 
halo lesions, instead of being proof of parasitic activity, is really proof 
that bacterial invasion has been checked successfully by the host. 
In this connection it is to be recalled that the Bacterium tabacum 
toxin is able to produce halo spots on inoculation into the leaves of 
many plants, but the bacteria are able to parasitize only tobacco. It 
now appeal’s that they are able to successfully parasitize tobacco only 
under very special conditions, i. e., when the resistance of the leaf has 
been broken down by water soaking. Hence we have the unusual 
situation of a host that is liighly I'esistant to the parasite under all 
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ordinary conditions but which can be rendered highly susceptible 
through the action of beating rain. In addition to this major storm 
effect on host susceptibility, it is not questioned that spattering water 
aids greatly in the dissemination of the organism, and that this 
dissemination under favorable conditions for infection is a necessary 
factor in the development of the leaf spot epidemic. Growers have 
been inchned to attribute leaf spot damage directly to storms, but 
this is proved to be incorrect by the fact that, in the absence of the 
organism, leaf spot does not develop, regardless of storm severity. 

It has also been shown that such practices as high-nitrogen fertili- 
zation and low topping do not in thenaselves make plants susceptible 
to epidemic leaf spot but that by making the leaves more susceptible 
to water soaking they act indirectly. High humidity, also, does not 
produce epidemic mldfire, but high humidity following water soaking 
helps to maintain the water-soaked areas, and epidemic leaf spot 
development requires that these ax^eas persist at least 24 horn's. 
Various other factors that affect disease development in the field have 
also been examined and have been found to exercise these effects by 
modifying water relations in the leaves. Thus, during epidemics of 
wild&e the leaves on the windward side of plants were most severely 
injured, and this was supposed to be due to the greater exposure of 
these leaves to infection. What actually happens is that the wind 
bends the plants and turns up the leaves on the windward side so 
that under surfaces are exposed. These leaves then become heavily 
water-soaked, while leaves on the leeward side, with upper surfaces 
exposed, do not water-soak so readily. 

The mechanics of w^ater soaking has not been investigated, but 
certain suggestive e^dence may be mentioned. In the first place, 
leaves do not readily water-soak when dipped in water or when 
exposed to a gentle spray, but a hard spray is very effective, indi- 
cating that it is not merely water, but forcibly applied water that is 
required. It is possible that beating rain might alter the perme- 
ability of interior cells and cause them to excrete liquid into the 
spaces. However, there are indications that the water may come 
from outside. For example, disease lesions and fresh breaks in the leaf 
surface are soon surrounded by water-soaked tissues, suggesting that 
the water was driven in thi'ough the openings thus afforded. The 
structure of the leaf indicates that the lower leaf surface would be 
more easily penetrated than the upper. The question of how low 
topping and high-nitrogen fertilization make leaves more susceptible 
to water soaking has not been studied, other than to note that these 
treatments modify leaf structure materially. These problems can be 
definitely solved only by further investigation. 

It has been demonstrated that water soaking favors rapid spread 
of the bacteria through the leaf tissues, and this raises the question 
as to how this spread takes place. Hill {10) has reported that 
Bacterium tahacum moves in the form of a zoogloea, which would 
imply a rather slow penetration. It is probable, however, that he 
worked with the usual halo type of lesion. The writer has prepared 
sections of infected water-soaked tissues, and found the bacteria 
widely scattered through the intercellular spaces, with no indication of 
zoogloea. Hence it seems likely that imder epidemic conditions the 
bacteria spread along the liquid pathways as free-swimming cells. 
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and tiiat this is the reason for the resulting rapid and extensive 
disease development. 

In view of the dependence of epidemic wildfire on storms, the 
question naturally arises as to whether some other plant diseases may 
not be similarly influenced. A search of the literature has failed to 
disclose any evidence that the storm water-soaking relation has been 
observed by others, but several investigators have noted the role of 
intercellular liquid in facilitating infection and disease development. 
Thus Riker (IS) found that, when he inoculated stems with Bacterium 
tumefaciens by wounding, the tissues around the wounds became 
water-soaked. The resulting galls never extended beyond the water- 
soaked areas. Similarly, Meier (12) reports that infection with Bact, 
eampestre was restricted to the margins of the leaves because only 
there did the hydathodes provide a liquid pathway for the bacteria. 
The writer, however, has previously reported (5) that infection with 
Bact. eampestre occurs at any point on the leaf under some conditions, 
and that such epidemic outbreaks of black rot were preceded by the 
appearance of numerous water-soaked areas scattered over the leaf. 
The water-soaked areas in this case were formed during warm humid 
nights, without the aid of storms. The subsequent development of 
black rot lesions followed the course here described for epidemic 
wildfire. 

It seems Kkely that further investigation will show that the develop- 
ment of water-soaked tissues as the result of storms or other causes 
is an important factor in the epidemiology of a number of diseases. 
Evidence not yet published shows that this is true of another tobacco 
leaf spot disease, blackfire, caused by Bacterium angulatum. 

Several hypotheses advanced by other workers to explain resistance 
and susceptibility to wildfire are quite different from the conception 
herein presented, which is, briefly, that the normal tobacco leaf is 
highly resistant to invasion but that by water soaking it is rendered 
highly susceptible, and that various cultural and nutritional factors 
do not make cells more or less easy to attack but do make tissues more 
or less easy to water-soak. Dufrenoy (8) attributes to the host 
tissues ability to set up a definite defense mechanism and suggests 
that the lesions cease to spread because of phenolic compounds that 
tre formed in the cells surrounding the lesions. However, the writer 
finds that under field conditions the tissues adjoining old lesions are 
very likely to be fii*st invaded when a subsequent epidemic develops. 
This is correlated with the fact that the tissues adjoining old lesions 
are easily water-soaked; there is no indication that they are fimda- 
mentaUy more or less susceptible. Boning (3) associates wildfire 
susceptibility and resistance with nutritional balance in the leaves 
but offers no satisfactory explanation of how so-called unbalanced 
leaf nutrition would be effective in inducing resistance and sus- 
ceptibility. 

The results obtained by the writer do not indicate that tobacco- 
ieaf tissues differ to an important degree in their inherent suscepti- 
^ .^^sistance to attack by Bacterium tabacum^ since if inter- 

celluiar hquid is present all are about equally and completely sus- 
ceptible and if it is not present all are resistant. It seems, conse- 
quently, that apparent leaf resistance is merely a matter of disease 
escape, with water relations as the immediate deciding factor. Also 
the assumption generally made that susceptibihty to infection indi- 
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cates susceptibility to the epidennc type of disease does not hold. 
Young leaves were susceptible to infection but resistant to epidemic 
wildfire in the field because they were not readily water-soaked. 

In conclusion, it should be noted that, theoretically, effective wild- 
fire control can be accomplished (1) by eliminating the organism, 
(2) by protecting the plants from storms (as is actually done on a 
small scale where crops are grown under cloth), or (3) by securing 
resistance either directly or through resistance to water soaking. At 
present, with the organism generally distributed in most fields 
throughout the Maryland-Pennsylvania area, it may be safely pre- 
dicted that destructive wildfire epidemics wiU follow severe late 
summer wind and rain storms, and when such epidemics occur the 
damage to the plants will be modified by the various factors that 
increase or diminish leaf resistance to water soaking. 

It is believed that the experiments herein reported adequately 
explain how Bacterium tahacum is able to cause the usual and rela- 
tively harmless halo lesions and also the destructive epidemic type 
of the disease and show that there is no evidence of the existence of 
a similar nonparasitic leaf spot. 

SUMMARY 

Tobacco leaves are readily infected by Bacterium tahacum^ but 
under ordinary conditions invasion is limited to small areas. The 
usual result of infection is a dead spot, one-fourth of an inch or less 
in diameter, surrounded by a yellow halo. These halo lesions do httle 
damage, but have been regarded heretofore as typical wildfire. 

The destructive epideimc type of wildfire is characterized by large 
lesions that develop very quickly and show little or no halo effect. 
The question has been raised as to whether this type of disease might 
be w’hoUy or partly nonparasitic in nature. 

Inoculation experiments designed to reproduce the epidemic type of 
lesion by varying the nutrition of the plant through fertilization and 
topping resulted only in the halo type of lesion. In other experiments 
consideration was given to age of leaves, methods of inoculation, and 
incubation conditions, particularly temperature and humidity, but the 
lesions obtained were all of the halo type. 

Observations during storms showed that the tobacco leaves develop 
w^ater-soaked areas owning to the flooding of intercellular spaces. 
When these areas become infected the bacteria multiply and spread 
through the tissues with extraordinary rapidity, and the epidemic 
type of lesion results. 

Without water soaking, about a week was required for the develop- 
ment of the small halo lesions; but with water soaking, large epidemic- 
type lesions were produced in 48 hours. In controlled inoculations, 
water soaking increased the size of lesions by more than 6,000 percent. 

Large water-soaked areas tended to produce large disease lesions. 

Persistence of water-soaked areas for 24 hours or more was essential 
for epidemic disease development. 

With the aid of a power sprayer to water-soak the leaves, it was 
possible to reproduce the typical epidemic wildfire under field condi- 
tions. Susceptibility of leaves to water soaking, however, was found 
to be modified by many factors, and these differences account for wide 
differences in disease damage. 




Exposure of the lower leaf surface greatly facilitated water soaking, 
as did also the presence of fresh mechanical injuries or wildfire lesions 
of any age. 

Mature basal leaves became water-soaked more readily than did 
young tip leaves on the same plant. 

Low topping increased susceptibility of the leaves to water soaking, 
while topping high or not topping at all had the opposite effect. 

High-mtrogen and low-potash fertihzation both increased suscepti- 
bility of the leaves to water soaking. 

There was little relation between susceptibility to infection of the 
normal leaf and the development of epidemic wildfire. Mature leaves 
were infected wdth difl&culty when not water-soaked, but after water 
soaking they ’were more severely damaged than young leaves that 
were readily infected. 

Since all types of leaves were highly resistant to bacterial invasion 
when not water-soaked and higlily susceptible when water-soaked, it is 
concluded that susceptibility and resistance to Bacterium tabacurn is 
primarily a question of water relations, and that the halo type of 
wildfire is the response to infection of the normal leaf and the epidemic 
type of wildfire is the response of the leaf after its resistance has been 
broken down by water soaking. 

Epidemic wildfire in the Maryland-Pennsylvania area, conse- 
quently, is caused by Bact. tabacumj and its occurrence is conditional 
on storms of suflScient severity and duration to produce and maintain 
water-soaked areas on the leaves. The amount of water soaking, and 
hence the amount of disease damage, is modified by prevailing cul- 
tmral and fertilization practices; low topping in combination with 
high-nitrogen fertilization, which is the practice in Pennsylvania, 
favors maximum disease development. 


( 1 ) 

(2^ 

(3) 

(4) 

(5) 

( 6 ) 

(7) 
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BEHAVIOR OF THE ORDINARY TOBACCO MOSAIC 
VIRUS IN THE SOIL‘ 


By IsME A Hoggan, assistant professor of hoiticultui and James Johnson, 
'professor of horticulture, University of Wisconsin, and aqenls, Division of Tobacco 
and Plant Nutrition, Bureau of Plant Industry, United States Department oj 
Agriculture 

INTRODUCTION 

It is fairly evident that control of the ordinary tobacco mosaic 
disease {tobacco virus 1) {4)'^ niay be accomplished with considerable 
success through the application of all of a number of precautionary 
measures that have been recommended for the purpose. These 
measures are directed chiefly against introduction of the virus into 
the field from various sources where it may be harbored for long 
periods, and also against further dissemination of the disease once it 
has gained entrance into the crop. The means by which the virus, 
once introduced, is spread in the field are comparatively well under- 
stood and may be prevented in considerable degree. The relative 
importance of the various sources of initial infection is, however, not 
so clear. The multiplicity of ways in which the virus may persist 
for prolonged periods apart from the living tobacco plant renders the 
problem a complex one, requiring intensive study in its various 
phases. One phase of the problem in particular need of greater 
consideration than has been accorded to it relates to the harboring 
of the virus in the field soil. 

The present paper deals with the results of laboratory and green- 
house studies on the persistence and inactivation of the or^ary 
tobacco mosaic virus in the soil under various conditions. These 
investigations have shown that the virus may survive in soils for 
periods of 1 year or more, but that it is subject to relatively rapid 
inactivation under certain natural conditions. This inactivation is 
not sufficient, however, to eliminate soil infestation as a factor in 
tobacco mosaic infection, the more practical aspects of which it is 
proposed to discuss in a later contribution from this laboratory. 

EARLIER INVESTIGATIONS 

A brief survey of the early literature dealing with overwintering of 
the tobacco mosaic virus is presented in a previous paper from this 
laboratory {6 ) . Attention is called to the fact that, whereas the earlier 
observers of tobacco mosaic believed the soil to be a significant source 
of infection, the later trend of opinion was away from this conception 
and in favor of overwintering of the virus in perennial hosts, with sub- 
sequent dissemination by aphids. The latter hypothesis has now 
been practically ehminated, however, so far as ordinary tobacco 
mosaic is concerned {2). More recently, considerable emphasis has 

1 Received for publication Sept 18, 1935; issued March 1936. Cooperative investigations of the Wiscon- 
sin Agricultural Experiment Station and the Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, U S Department of Agriculture. 

2 Reference Is made by number (itahc) to Literature Cited, p. 294. 
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been placed on infection occurring during cultural operations tlirough 
the use of contaminated tobacco by workers (7^9). 

In 1929 Johnson and Ogden (§) presented data showing that the 
tobacco mosaic yii*us overwintered n0.tu rally in the soil under Wis- 
consin conditions, and that tobacco transplanted to heavUy infested 
sods developed much higher percentages of infection than did similar 
plants set in virus-free or slightly infested soils. Whde other sources 
of natural infection were recognized, such as tobacco or tobacco 
refuse, transferred by man, animals, or wind to seedbed or field, soil 
infestation was regarded as being of major significance. 

As a result of various tests performed in North Carolina, Lehman 
(7) also considered soil infestation to be responsible for some direct 
infection of the tobacco crop, though in his trials the proportion of 
plants becoming diseased was too low to account for the high per- 
centages of tobacco mosaic infection common to that section. 

The wide range of conditions under which tobacco is grown may be 
expected to influence the origin and amount of mosaic infection in 
different districts. However, it appears clear that the data now 
available are not sufficient to permit definite conclusions to be drawn 
as to the relative importance of the various sources of infection in 
the epidemiology^ of the disease. 

MATERIALS AND METHODS 

The soils in wliich the behavior of the tobacco mosaic virus has been 
studied were chiefiy ^Tobacco” soils. Some of these were Wisconsin 
soils, obtained in relatively large amounts from various parts of the 
State . In addition, representative smaller lots, up to three in number, 
were obtained from each of the tobacco-growing States through the 
courtesy of local, State, or Federal workers, to whom thanks are due. 
Several other types of soil \vere also used, including Superior red clay, 
peat, greenhouse compost, some very acid soils, and sand, so that an 
almost complete range was available with respect to physical proper- 
ties, chemical fertility, and reaction. 

AU soils used are hsted in table 3 under the name of the State from 
which they were obtained. Where lots were obtained from more than 
one locality in a State, they are distinguished by addition of a letter 
indicating the particular locality or other distinctive feature. For 
example, Tennessee (S) soil came from Springfield, Tenn., and Wis- 
consin (E) soil from Edgerton, Wis. Where more than one lot of soil 
was obtained from the same locality, designation is made by number, 
i. e., South Carolina (1), (2), and (3L The soils are listed in the table 
in order of their total colloidal content. The type to which each soil 
belongs is also indicated, together with certain other pertinent 
information. 

The material used as soil inoculum was collected mainly from 
tobacco plants infected with tobacco virus 1 in the field in September 
1934. About 12 hters of juice were extracted from diseased leaves 
and suckers and stored in a refrigerator at 5° C. until needed for use. 
In addition, considerable quantities of diseased roots, stubble, stalks, 
sucker stems, and leaves were cut up into small portions of the 
required size, the leaves in very sm^ pieces, the other parts in 
sections about IK inches long. These were thoroughly air-dried and 
stored in a dry cupboard at room temperatures to serve as stock 
material fairly uniform in virus concentration. 
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White enamel refrigerator pans of about 5-kg capacity, with covers, 
were selected as containers for most of the experiments. These pans 
were chosen, apart from their convenience in handling, chiefly because 
they allowed approximate reproduction of the conditions of soil aera- 
tion and moisture existing at soil depths of about 4 to 8 inches. Soil 
stored in the covered pans lost moisture only very slowly. The 
usual procedure was to place 2 kg of air-diied soil in each pan and to 
bring the soil to approximately one-third of the water-holding capacity 
by adding 200 cc of virus extract diluted to 1 to 1 with water, together 
with as much additional water as was required. Thus, the effective 
dilution of the virus in the soil lots was regarded as being about 1 to 20. 
After standing for sufficient time to allow the moisture to be absorbed 
by the soil, the contents of the pan were turned out and thoroughly 
mixed by hand, in order to insure more even distribution of the virus. 
The pan and contents were then weighed and later brought up to the 
original weight at regular intervals by the addition of water. 

The dry plant tissues used for soil inoculum were merely added to the 
moist soils in the proportion of about 1 part to 25 parts of soil, and 
allowed to remain there until sampled. The infested soils were placed 
in storage according to requirements as to environment and tested 
every week, fortnight, or month for virus concentration. Various 
modifications of this general plan of experimentation were introduced 
according to circumstances, and these will be briefly discussed in con- 
nection wdth individual experiments. 

The presence and relative concentrations of tobacco mosaic virus in 
any lot of soil was determined by means of the local-lesion method, 
inoculations being made into Nicotiana gluiinosa or into the hybrid, 
N, glutinosa X N, tabacum (J). For the type of investigation planned, 
this method offers many advantages over the older method of inocula- 
tion to N. tabacum. Use of the hybrid in place of N. glutinosa was 
also found to increase the range and reliability of the determinations 
and was adopted for most of the experiments. 

Tests of the concentration of vii'us present in a soil or tissue there- 
fore consisted simply of extracting a given volume or weight of the 
material wdth water and rubbing the extract over the leaves of young 
hybrid or Nicotiana glutinosa plants. Samples of soil for inoculation 
w^ere usually taken by inserting a sterilized fHnch cork borer into 
the soil to a depth of 1 inch and ejecting the sample by means of a 
sterile glass plunger. The sample was placed in a sterilized test 
tube and 5 cc of water added. After two vigorous shakings, the 
soil w^as allowed to settle out for from 2 to 5 minutes and the super- 
natant liquid poured off into a watch glass and inoculated into the 
test plants. The average dry weight of soil samples taken by this 
method was approximately 1 g. When plant parts were used for 
soil inoculum, the samples were taken from the tissues themselves, or 
what remained of them following decay. These were necessarily 
estimated by volume, about 2 to 5 g, accordii^ to the tissue, being 
taken for extraction with 10 cc of water. Original extract used for 
control inoculations was usually stored at a dilution of 1 to 1 or 1 to 20, 
but was brought to a final dilution of 1 to 1,000 of the original strength 
just before inoculation. 

Counts of the number of local lesions on the test plants could 
usually be made on the third or fourth day after inoculation. In the 
case of the hybrid, these were bp^sed on the total number of spots 



274 


Journal of Agricultural Research 


Vol 52, no 4 


appearing on the three leaves showing the maximum amount of infec- 
tion (usually four or five leaves being inoculated on each plant), 
and in the case of Nicotiana glutinosa, on a similar five-leaf count. 
Lesions numbering less than about 300 were usually counted ac- 
curately, while those above 300 were sometimes only estimated, and 
are then shown in round numbers in the tables. Wliile the plants 
used in any one series of tests could be selected for uniformity of 
size and vigor, it was not always possible to secure comparable plants 
for successive tests made on the same material throughout the year. 
This factor, together with the natural individual differences in the 
test plants, introduced considerable variation into the determinations. 
This was counteracted, in part, by making counts on selected leaves, 
and in certain cases by using two test plants for each determination 
and taking the average of the two readings. It is not believed that 
the method of extraction of the virus from the soil was responsible 
for much variation in results. The number of shakings, or the time 
allowed for the soil to settle did not appear greatly to influence the 
number of lesions obtained. That all the virus was not, of course, 
removed from the soil by this method could be shown by repeated 
extractions from the same sample. For the type of information 
sought in the present investigation, however, namely, the presence 
or absence of virus or a rough approximation of its concentration, 
the experimental methods used were considered satisfactory.^ For 
more detailed studies, these methods could no doubt readily be 
modified. 

EXPERIMENTAL RESULTS 

The data presented in the following tables for the most part illus- 
trate representative tests on the various factors under consideration. 
Slight modifications introduced into successive trials of the same 
general natm'e make it impractical to present all the data on which 
conclusions are based. 

INFLUENCE OF VARIOUS FACTORS ON THE BEHAVIOR OF THE TOBACCO MOSAIC 

VIRUS IN THE SOIL 

Leaching From Mosaic-Infected Tissues 

In planning experiments on the behavior of the tobacco mosaic 
virus m the soil, it may be assumed that the virus characteristically 
overwinters in the dead tissues of preceding crops remaining in the 
field after harvest. It is possible that the primary infection occurring 
on succeeding crops results entirely from a direct transfer of virus 
from such plant parts to the new crop. On the other hand, it has 
been the writers^ experience that the tobacco mosaic virus is quickly 
and easily extracted from dead tissues by water in contact with such 
material, and it seems likely that a similar condition occurs in the 
soil itself. Consequently, it may be concluded that soil in the imme- 
diate vicinity of virus-carrying tissues contains virus that has leached 
out from the plant parts during periods of rainfall. How far the 
virus may leach out and hovr far it may be carried in soil water must 
depend upon a number of circumstances, ^me simple preliminary 
experiments have shown that a large part, if not all, of the virus present 
in dead tissues may eventually be leached out and that it may be 
transported in this process for considerable distances, and by surface 
drainage presumably almost indefinitely. 
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In one experiment, 25 g of Connecticut soil was placed in each of 
six stoppered Gooch funnels to a depth of about 1 inch. The soil 
was soaked down with water, and dried infected roots, stubble wood, 
stalks, sucker stems, and leaf lamina, and living green leaves were 
placed in separate funnels on the suidace of the soil. The plant parts 
were moistened, and the corked funnels allowed to stand in a warm 
greenhouse (about 85^^ F.) to favor rapid decomposition of the tissues. 
At weekly intervals, 5 cc of water was added to the plant parts and 
allowed to drain through the soil and out of the funnel, where it was 
collected and inoculated^ into hybrid plants. The results presented 
in table 1 show that considerable quantities of virus were thus leached 
out from the tissues and were able to pass through the soil. When the 
soil filtrates no longer yielded infective material it was no longer possi- 
ble to recover virus from the plant parts themselves by inoculation. 

Table 1, — Leaching of tobacco virus 1 through 1 inch of Connecticut soil {-35 g) from 
various decaying tobacco plant tissues on the soil surface, following periodic addi- 
tion of 0 cc of water 


Lesions on 3 leaves of hybrid inoculated with soil leachmgs 
from— 


Period of decomposition of tissues 
(weeks) 

Dried infected— 

Green 

leaves 

Roots 

Stubble 

wood 

Stalks 

Sucker 

1 stems 

Leaf 

lamina 

1 

Number 

34 

10 

11 

2 

0 

0 

Number 

52 

9 

3 

3 

1 

1 

Number 

235 

390 

219 

12 

Number 

3 

26 

3 ' 
0 

0 

Number 

700 

265 

240 

161 

230 

161 

145 

106 

1 7 

2 1 

Number 

13 

30 

23 

6 

10 

5 

0 

2 

3 

4 

5 

6 

7 

9 





11 






14 





0 







1 Tissues accidentally dried out. 


In another experiment, soil columns 18 inches in height were used 
in cylindrical copper containers, and virus, added in the form of extract 
at a dilution of 1 to 100, was found to filter for this distance through 
soils of various types, though much more readily through sandy than 
through clay soils. To eliminate the possibility that the virus had 
followed an uninterrupted path along the walls of the containing 
vessels, another test was made in which small collecting funnels were 
inserted into a soil colunm at different levels in such a way that the 
filtrate could enter the funnels only after passing directly through the 
soil for various distances. Inociilation of liquid collected from the 
funnels showed that virus had passed through the soil for aU distances 
tested, in this case 2, 4, and 6 inches. It seems very likely that leach- 
ing of the virus from infected tissues in the field and the miidng of the 
soil due to preparation of the land for planting may result in a fairly 
uniform distribution of virus in the soil following heavily infected crops. 

From these and other considerations it seems reasonable to assume 
that the area of soil contanainated through leaching is likely to be a 
more significant factor in soil infestation than the actual concentration of 
virus in the dead plant tissues. For this reason, as weU as for purposes 
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of securing an even distribution of virus in the soils to be studied, 
infestation of soils was usually made vdth virus extract, though 
infected plant tissues were also used in several experiments. 

Soil Type 

Earlier tests by Johnson and Ogden (6) had indicated that the 
tobacco mosaic virus might remain active for a much longer time in 
some soils than in others. Aeration was suspected as being one factor 
influencing the longevity of the virus in the soil, and it was suggested 
that this might be related to the soil type. Consequently a preliminary 
experiment was planned, according to the methods already described , 
in which the behavior of the tobacco mosaic virus was studied in soils 
of different type. Seven representative soils were selected for the 
purpose (table 2) and placed in duplicate in 2-kg lots in the enamel 
pans. The soils were inoculated with 200 cc of virus extract diluted 
1 to 1 with water, and as a control, 2,000 cc of virus extract^ at a 
dilution of 1 to 20 was also placed in each of two pans. One series of 
pans was allowed to stand in the greenhouse with the covers off to 
permit free aeration and drying of the soil, whereas the other series 
remained covered. Both sets were stirred and brought up to weight 
with water weeklj^, but the soil repeatedly became relatively dry in 
the uncovered pans in the intervals between weighings. 

Soil samples were taken at various intervals and inoculated to both 
hybrid and Nicotiana glutinosa plants. The hybrid regularly yielded 
a much higher lesion count than did N, glutinosa^ and as a result the 
Jiybrid was used as test plant in most subsequent experiments. It 
should be stated that in the present experiment the N. glutinosa plants 
used for inoculation purposes tended to be somewhat older than most 
suitable for this work, and this fact may be partly responsible for the 
low counts obtained, especially in some of the earlier inoculations. 


Table 2. — Relative rate of inactivation of tobacco virus 1 added in the form of extract 
to different moist soils stored at moderate temperatures in covered and uncovered 
pans 

[Pans brought up to original weight at intervals by addition of water] 


Lesions on test plant after mdieated period 


Soil 1 


Pan 

cover 


Aver- 

age 

weekly 
loss of 
water 


On hybrid 


On Nicotiana glutinosa 


0 

week 2 


1 

week 


2 

weeks 


0 

week 2 


1 

week 


4 

weeks 


7 

weeks 


12 

weeks 


Wisconsin (B) 

South Carolina (2) 

Florida 

Ohio-- 

Pennsylvania- - 

Connecticut- 

Tennessee (C)..- 

Virus extract (stored at 
1 to 20 dilution) 


/On. 

loa. 

/On. 

{on, 

/On. 

tOff. 

/On- 

lOff. 

/On- 

lOff. 

fOn. 

lOfJ. 

/On. 

los, 

/On. 

lOfl. 


GTams 

6 

93 

12 

167 

8 

170 

4 

166 

5 

194 

8 

163 

5 

149 

14 

396 


No. 

600 

600 

700 

650 

500 

350 

450 

350 

450 

350 

275 

250 

97 

200 

275 

194 


No 

600 


300 

600 

350 

500 

200 

125 

102 

80 

0 

315 

60 


0 

600 

300 


No 

No 

500 

250 

76 

200 

400 

200 

64 

175 

500 

200 

300 

226 

135 

85 

42 

49 

57 

25 

0 

55 

300 

94 

8 

45 

86 

2 

1 

27 

600 

175 

300 

95 


No 

65 

27 

60 

17 
44 

3 

6 

1 

2 

0 

14 

6 

1 

0 

18 
42 


No. 

42 

0 

120 

0 

83 

0 

12 

0 

31 

0 

21 

1 

6 

0 

0 

0 


No 

70 

0 

6 

0 

0 

3 

0 

1 

0 

12 

0 

2 

0 

0 

0 


No. 

68 


25 


18 


15 


14 


5 


t See explanation of letters and numerals on p 272. 
2 Immediately after infestation with the virus 
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Considerable variation \vill be noted in the number of lesions 
obtained in the duplicate inoculations from some of the soils made 
immediately after infestation with the virus (table 2). In spite of 
this variation, there is still some indication that the soils themselves 
may vary significantly in their immediate effect upon the virus. The 
reason for this is not clear, though at the time it was suspected that 
differences in adsorptive capacity of the soils might be partly re- 
sponsible. On the other hand, it is possible that the differences 
noted might be due merely to the difficulty of securing perfectly 
uniform distribution of the virus in the soil. However, further 
evidence of a similar nature obtained in other experiments, to be 
discussed later, points to the existence of inherent differences in 
certain soils with respect to their immediate effect upon the virus. 

Subsequent inoculations from the dilferent soils (table 2) showed 
a gradual inactivation of the virus in the covered pans in the absence 
of drying and in reduced aeration. More striking was the relatively 
rapid and complete inactivation that occurred in the uncovered 
pans, where the soil was exposed to drying and more complete aeration. 
There was also some indication that the rate of inactivation was 
slower in certain soils, e. g. Wisconsin (B) soil, than in others, under 
the same conditions. Such differential behavior, however, will be 
more clearly demonstrated in later experiments discussed in con- 
nection with the aging or persistence of the virus in different soils, 
(see tables 17, 18, and 19). The preliminary experiment suggests 
that several different major factors need to be considered as playing 
a possible part in the inactivation of the tobacco mosaic virus under 
natural conditions, namely, adsorption, aeration, desiccation, and pos- 
sibly microbial action. In subsequent experiments, attention has been 
given to these and other factors individually , while attempts have been 
made to maintain other conditions as constant as possible. 

Adsorption 

It is well known that charcoal and certain other substances of both 
organic and inorganic nature have a peculiar affinity for the tobacco 
mosaic \urus , resxdting in its partial or complete inactivation. This 
takes place presumably thiough adsorption of virus particles. It 
seems not unlikely that soils, varying greatly as they do in physical 
and chemical characters, might also exercise some adsorptive capacity 
for the virus. Indications that this might be so have already been 
noted in the marked variation obtained in initial lesion counts when 
virus extract was added to different soils (table 2). Accordingly, a 
more detailed comparison was made of the adsorptive capacity for the 
tobacco mosaic virus of 26 different soils, varying from light sands to 
heavy clays, with that of peat, charcoal, kaolin, kieselguhr, talcum 
powder, and glass powder. 

Since it seemed likely that the adsorptive power of the soil would be 
influenced by its physical structure, more particularly by the per- 
centage of colloidal material (clay) present, a physical analysis of the 
soils was made by the Bouyoucos hydrometer method (i). The per- 
centage of total colloids, sUt, and sand in the different soils is shown in 
table 3, together with the pH value of each soil as determined by the 
electrical method, and the results of three tests of the adsorptive 
capacity of different soils for the virus. In the first of these tests, 
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10 cc of concentrated virus extract was added to 100 g of air-dry soil 
and allowed to stand for 24 hours Extracts of soil samples were then 
made in the usual way and inoculated into hybrid plants. In the 
second and third tests, 10 cc of virus extract at a 1 to 500 dilution was 
added to 10 g of soil, and allowed to stand for about 1 hour. Ten 
cubic centimeters of water was then added and the suspension filtered 
through filter paper Still other tests were made in an attempt to 
compare the adsorptive capacity of certain soils with that of other 
substances of known high adsorptive power. Only selected results 
are presented in table 4, which shows a comparison of filtrates from 
New York and South Carolina (f) soils, sand, talcum powder, and 
animal charcoal, following the addition of equal amounts of virus 
extract to equal volumes of soil or other substances. 


Table 3 — Tijp&, physical a^ialysis, and hydrogen-ion co7icentraiion of the different 
soils used in the investigation, together with a comparison of the adsorptive capacity 
of different soils for tobacco virus 1 added in the form of extract 


Soil! 

Type 

Col- 

loids 

Silt 

Sand 

pH 

(elec- 

trical 

meth- 

od) 

Lesioi 
of hyl 
filtra 
virus 
m e 

1 

IS on 3 
Dnd fro 
te soon 
was a 
xpermi 
no — 

2 

leaves 
m soil 
after 
dded 
ent 

3 



Pet 

Pet 

Pet 


No. 

No 

No 



50 4 

13 2 

36 4 

5 4 

275 

136 



Huntington silt loam 

48 6 

29.0 

22 4 

5 5 

150 

SO 

200 



44 4 

33 0 

22 6 

7 4 

105 



Tennessee (Greenville) (C). 


39 0 

24 4 

36 6 

8 1 

82 

180’ 

635 



37 8 

34 6 

27 8 

7 9 

109 

138 

251 

Tennessee (S) 

Clarksville silt loam 

36 2 

43 2 

20 6 

7 1 

304 

156 

390 

Ohio 

Miami clay loam... 

35 2 

40 0 

24 8 

7 1 

176 

260 

600 

New York (Elmira). . 


33 4 

22 8 

43 S 

6 0 

200 

293 

96 

Wisconsin (W). 

Carrington silt loam, _ 

31 8 

34 2 

34 0 

5 8 




176 

Virginia 

Cecil red clay (?)-- 

30 2 

24 6 

45 2 

5 0 

375 



Wisconsin (3) _ 

Miami sOt loam,. 

29.8 

43 2 

27 0 

8 2 

162 

112 


Greenhouse 

Compost - . 

28 0 

26 4 

45 6 

7 5 

98 



Wisconsin (E) ^ 

Miami silt loam (?) ■ 

27.8 

33 0 

39 2 

6 1 




Wisconsin (G) 

Knox silt loam 

20 8 

44 2 

35 0 

4 8 




Massachusetts.. 

Agawam sandy loam. 

17 8 

19 0 

63 2 

5. 5 

iso' 

162 


Wisconsin (C). 

W°aukesha silt loam 

17 4 

34 2 

48 4 

8 5 

300 

105 

294 

Connecticut. .. 

Merrimac sandy loam 

14 6 

15.6 

69 8 

5.5 

665 

106 

259 

Wisconsin (L) 

Sparta sand 

12 4 

6 2 

81 4 

5 2 



146 

North Carolina 

Durham sandy loam., 

12 0 

5 2 

82 8 

6. 1 

325 

120 

119 

Maryland 

Collington fine sandy loam.. 

9 4 

7 8 

82.8 

5 7 


68 

322 

Florida 

Orangeburg sandy loam 

9 2 

2 0 

88.8 

,5 8 

500 

95 


Georgia 

Norfolk sandy loam. , . 

9 0 

7 0 

84 0 

5 3 

350 



South Carolina (3)... 

do.. 

8 0 

2, 4 

89 6 

7. 1 

625 



Wisconsin (Brooklyn) (B). 


7 2 

4 0 

88 8 

6 0 

162 

ils' 

230 

South Carolina (1) 

Norfolk sandy loam 

7 0 

4 0 

89 0 

7.8 

375 

138 

167 

South Carolina (2) 

.. - do 

6 6 

5 0 

88 4 

5 7 

105 


347 

Peat 

Peat--- 

7 


? 

7.1 

375 




1 See e\pUnatioD of letters and numerals on p 272 

Table 4i.~Comparison of the adsorptive capacity of equal volumes of soils and other 
materials for tobacco virus 1, used in the form of extract diluted to 1 to 1,000 


Soil or material ' 

Lesions on 3 leaves of hybrid in 
experiment no. — 


1 

2 

3 

New’ York 

Number 

293 

Number 

317 

61 

no 

0 

Number 

107 

93 

90 

0 

South Carolina (D. . 

138 

Sand 

Talcum powder _ 

0 

Animal charcoal 

0 

0 

0 

Virus extract only (1 to 1,000 dilution) 

87 

78 

80 


1 See explanation of numeral on p 272 
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In these preliminary trials there were again indications of some 
immediate effect of the soil on the virus, though there appeared to be 
little correlation with the physical character of the soil, or vith the 
hydrogen-ion concentration (table 3). On the other hand, none of 
the soils approached the high degree of inactivation exhibited by 
charcoal and other finely powdered substances, such as talcum, glass 
powder, kaolin, etc. During these and other trials, it became evident, 
however, that consistent and significant differences existed between 
certain soils with respect to their immediate effect upon the virus. 
This is more clearly illustrated in table 5, which shows a comparison 
of the immediate effect upon the virus of five selected soils when wet, 
air-dry, and oven-dry. In this test, 15 cc of 1 to 500 virus extract 
was added to about 10 g of soil, followed later by 15 cc of water, mak- 
ing a final dilution of virus of 1 to 1,000. The liquid was then filtered 
through filter paper and inoculated to hybrid plants. The difference 
between the New York and West Virginia soils is clearly significant, 
and apparently too great to be accounted for on the basis of differences 
in physical structure. On the other hand, it will be noted that the 
original moisture content of the soil had no significant effect on the 
amount of inactivation of the virus when added in the form of hquid 
extract. 

It seems hkely that some other, as yet undetermined, factor is 
involved in this rapid partial inactivation of the virus in the soil. 
For the present, it has not been thought necessary to investigate this 
particular phenomenon further. It wll be shown later that this 
immediate partial inactivation bears no direct relation to the sub- 
sequent rate of inactivation of the virus following prolonged associa- 
tion with the soil. For practical purposes relating to mosaic control, 
it seems legitimate to regard all soils as essentially similar so far as 
immediate inactivation or possible adsorption of the virus is con- 
cerned. However, the physical properties of the soil may influence 
certain other factors, such as rate of dessication, which in turn may 
be indirectly related to adsorption phenomena; consequently adsorp- 
tion may be significant in relation to the ultimate rate of inacti- 
vation of virus in the soil. 

Table 5. — Comparison of amount of adsorption of tobacco virus 1 added in the form 
of extract to different soils of varying types and reactions and of different moisture 
content 


Soil 1 

Total col- 
loids 

pH 

Lesions on 3 leaves of hybrid from 

1 virus added to— 

Oven-dry 

soil 

Air-dry 

soil 

Wet soil 

Wisconsin (0),_ 

Percent 
17.4 
33 4 
39.0 
50 4 
48.6 

8 6 

6 0 
8.1 

5 4 ' 
5 5 

Number 
130 ! 
225 i 
55 
84 
30 

Number 

202 

184 

67 

56 

27 

126 

l 

Number 

144 

ISI 

106 

60 

19 

New York _ _ _ _ 

Tennessee (C) 

Wisconsin (R)__ 

West Virginia. 

Vims extract only (1 to 1,000 dilution) 







* See explanation of letters on p 272 
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The untreated virus extract itself often produced fewer lesions on 
the hydrid than after addition to certain soils (tables 4 and 5). 
This situation has been observed repeatedly and is believed to be a 
consequence of one or both of two circumstances, namely, the reduc- 
tion or breaking up of clumps of virus particles through shaking with 
the sod, or the result of the abrasive action of soil particles during 
the process of inoculation. 

SOIL REACTION 

Although the tobacco mosaic virus has recently been shown to be 
active in extract over a wide range of hydrogen-ion concentrations 
(8), it is conceivable that the reaction of the soil might have some 
influence on the immediate or subsequent inactivation of virus added 
thereto. The pH value of all soils used in this investigation was 
therefore determined by the electrical method (table 3) and checked 
by the Truog method, the latter giving slightly lower readings. 
The sods ranged from very acid (pH 4.8) to quite aflvaline (pH 8.5). 
As shown in tables 3 and 5, there was no significant correlation, how- 
ever, between the hydrogen-ion concentration of the soils and any 
immediate effect upon the virus. Moreover, although, as wdl be 
shown later, the subsequent rate of inactivation of the virus was 
found to vary considerably in certain sods, again there was no consist- 
ent relation between inactivation and the sod reaction. 

A further test was made wdth tw^o very acid soils obtained from 
western Wisconsin, in the vicinity of Gays Mdls (Wisconsin (G) soil) 
and La Valle ^Wisconsin (L) soil). Two kilograms of each sod was 
placed in each of four pans, and lime was added to each series in the 
proportion of 0, 10, 20, and 30 g per pan, respectively. The lime was 
thoroughly mixed into each lot of sod, and the lots were inoculated 
with equal amounts of vhus extract. The sods w'ere brought up to, 
and maintained at, the same moisture content by means of weekly 
weighings. Sod samples were taken at intervals over a period of 17 
weeks and inoculated into Nicoiiana glutinosa plants (table 6). 
Although the rate of inactivation of the virus appears to have been 
somewhat higher in the most acid lot of the La Valle soil, this was not 
so in the case of the Gays IMills sod, which was even more acid. 
Everything considered, it appears that the reaction of the soils did 
not exert any significant influence on the rate of inactivation. 

Table 6. — Rate of %nachvahon of tobacco oirus 1 added m the fortn of extiact to 
tivo different soils maintained at various hijdrogeti-ion concentrations by adding lime 


[Soil kept in a moist condition and stored at moderate temperatures] 


Soil 1 

.A.mount 
of lime 
added 
per pan 
of soil 

pH 

Lesions on 5 leaves of Ntcohana giuttnosa after- 

- 

Aver- 
age 
num- 
ber of 
lesions 

0 

week 2 

1 

week 

3 

weeks 

5 

weeks 

8 

weeks 

wi".. 

15 

weeks 

weeks 


Grams 


No. 

No 

No 

No 

No 

No. 

No. 

No. 



0 

4 89 

40 


79 

103 

17 

46 

S 

6 

44 

Wisconsm (L) 

10 i 

7 58 

55 

62 

278 

197 

18 

55 

29 

8 

88 

20 i 

8 25 

131 

71 

184 

151 

10 

40 

34 

10 

79 


30 I 

8 64 

85 

153 

240 

132 

25 

141 

28 

37 

105 


0 

4.80 

51 

59 

247 

203 

77 

170 

76 

83 

121 

Wisconsin (G) 

10 

7. 43 

22 

43 

147 

101 

43 

1 39 

21 

15 

54 

20 

8.30 

55 

92 

128 

190 

3 

14 

24 

5 

64 

1 

30 

8 33 

139 

71 

286 

183 

10 

70 

9 

13 

98 

Virus extract (1-1,000 dilution) 

18 

15 

176 

136 

13 

183 



90 


1 See explanation of letters on p 272 a See footnote 2, table 2. 
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Soil- Moisture Content 

Perhaps the most variable factor to which soils are exposed is that 
of moisture content. It was early suspected that this factor would 
have some effect on the longevity of the tobacco mosaic virus in the 
soil through its influence on microbial activity. It is well known that 
tliis virus will persist for years in dried plant tissues, but that in the 
presence of moisture and air, which pemiit microbial action, the virus 
will gradually become inactivated ( 6 ). In the present connection, 
however, a quite different moisture relation is emphasized, namely, 
the immediate effect of dessication of the soil upon the wiis. 

This effect w^as first observed in a preliminary experiment designed 
to test the relation of the soil-moisture content to the rate of inactiva- 
tion of virus added in the form of extract to the soil. Twm widely 
different soils were chosen, one a South Carohna sandy loam (South 
Carolina (1)) and the other a black Wisconsin silt loam (Wisconsin 
(W^)). Determinations wwe made of the w^ater-holding capacity of 
each soil and 2-kg lots were then made up to, and maintained at, 
different moisture contents by addition of virus extract and w^ater, 
as shown in table 7. The two lots planned as controls were kept in 
an air-dry condition and w^ere consequently air-dried as soon as possible 
after addition of the virus extract. Inoculations made the following 
morning showed that the virus was already almost completely inacti- 
vated in both dried soils, although present in considerable quantity in 
all moist soils. Subsequent tests made over a period of 17 weeks 
show^ed a gradual decline in \drus concentration in the moist soils and 
continued, almost complete inactivation in the air-dry lots. While 
there is some suggestion of variation in the rate of inactivation at 
different moisture contents apart from drying, within normal limits 
for plant growTh, at least, tliis factor does not appear to be of major 
importance. 

Table 7. — Rate of inactivation of tobacco virus 1 added in the form of extract to 

two different soils stored at moderate temperatures and maintained at various 

moisture contents 


Moisture 


Lesions on 6 leaves of Ntcotiana glutinosa after— 


Soil J 

as per- 
centage 
of satura- 
tion 

0 

week 2 

1 

week 

3 

weeks 

5 

weeks 

8 

weeks 

i 10 

weeks 

15 

weeks 

17 

weeks 

age 
num- 
ber of 
lesions 


Percent 
[ 100 

Num- 
ber 
137 1 

1 

Num- 
ber 1 
333 1 

Num- 

ber 

196 

! 

Num- 

ber 

104 

Num- 

ber 

163 

Num- 

ber 

175 

Num- 

ber 

87 

Num- 

ber 

33 

153 


75 

159 

180 

252 

190 

108 

66 

43 

14 

126 

South Carolina (1) 

1 50 

153 

328 

284 

160 

205 

58 

30 

14 

154 

25 

167 i 

233 

334 

270 

504 

92 

31 

25 

207 


1 30 

5 

14 

7 

24 

5 

7 

4 

0 

8 


f 100 

8S 

36 

80 

291 

70 

14 

2 

5 

73 


75 

63 

84 

313 

330 

171 

125 

85 

23 

149 

Wisconsin (W) 

i 50 

66 

130 

91 

310 

193 

147 

66 

21 

128 

1 25 

105 

31 

65 

130 

49 

61 

5 

13 

57 


1 30 

1 1 

0 

0 

1 

0 

1 

0 

0 

0 

Virus extract (at 1-1,000 <3 

ilution) 

18 

15 

1 

176 

136 

13 

183 

! 

1 


90 


1 See explanation of letter and numeral on p. 272. 2 see footnote 2, table 2. > Air-dry. 


Various other experiments have been made to test this striking 
influence of drying on the inactivation of the virus in the soil. All 
have yielded results of a similar nature. Thus, exposure of red-clay 
soil (Wisconsin (R)) to dicing for as short a time as 1 hour following 
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addition of virus extract reduced the virus content to at least one- 
fifteenth of the original amount, as judged inoculations into hybrid 
plants. In sand the rate and percentage of reduction were least, 
whereas in other sods of intermediate type they were intermediate in 
this respect. This behavior suggests the possibihty of some adsorption 
phenomenon coming into play during drying. It does not, however, 
eliminate the possiMlity that aeration plays some part in tliis rapid 
inactivation; consequently, further experiments were planned to test 
this relationship. 

Aeration 

The inactivating influence of oxygen on tobacco mosaic virus extract 
has previously been reported (3), and its relation to inactivation of the 
virus in the soil has been suggested (^). In soil studies, however, the 
marked effect of dessication on the virus necessitated the planning 
of more carefully conducted tests. Thus, various attempts have been 
made to separate the factors of aeration and dessication in different 
ways. 

In one experiment, a soil rotator was devised, permitting constant 
stirring of the soil within a glass tube 4 inches in diameter, in which 
the amoimt of oxygen and atmospheric humidity could be approxi- 
mately controlled by dra vdng air, conditioned as desired, through the 
rotator. Equally satisfactory results w^ere obtained by placing smaller 
quantities (5 g) of soils in desiccators over either water or calcium 
chloride or sulphuiic acid, and removing the oxygen when desired by 
means of pyrogallol potassium hydroxide or by displacement with 
illuminating gas (table 8). In a third experiment, 2-kg lots of soil 
were used in enamel pans either covered or uncovered, vdth daily 
regulation of soil moisture and stirring of the soil, where desired, over 
a period of 4 weeks (table 9). All methods yielded similar results. 
It became clear from these trials that, while the presence of oxygen 
may cause a definite increase in the rate of inactivation of virus 
extract in the soil over considerable periods, it can in no way be held 
responsible for the immediate or rapid inactivation of the virus 
resulting from exposure of the soil to au-drying. It may be concluded 
that it is the actual desiccation of the soil that causes the rapid 
inactivation of virus extract present therein. It must not be inferred, 
however, that a similar behavior results on the part of virus present in 
organized plant tissues in desiccated soils. This situation will be 
discussed in detail later. 

Table S.— Comparison of the influence of oxygejt and of desiccation on the 

inactivation of tobacco virus 1 added in the form of extract to three different soils 

{desiccator method) 


Condition of 
atmosphere • 

Regulation 2 by — 

Lesions on 3 leaves of hybrid 
from soil from— 

Oxygen 

Mois- 

ture 

Connec- 
ticut 3 

Georgia 

Virginia 

+ 

+ 

Water 

Number 

400 

Number 

67 

Number 

86 

+ 

— 

Calcium chloride ... ._ 

122 

0 

0 

+ 

— 

Sulphunc acid 

51 

0 

0 


+ 

niummatmg gas + water... 

400 

213 

60 


4- 

PsTogallicacid — potassium hydroxide + water. 

181 

122 

55 


— 

llliimmating gas + calcium chloride 

38 

0 

0 

Control (untreated mfested moist soil) 

660 

75 

91 


i + present, — absent. ^ For 48 hours. This soil was not completely desiccated. 
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Table 9. — Comparison of the .influence of aeration and drying j through regulation 
of air and loater supply by periodic stirring and watering ^ on the inactivation of 
tobacco virus 1 in two soils in covered and uncnered pans 


[Virus added in the form of extract to 2-kg lots of soil] 


Soil 

Aeration 

Water supply | 

1 

Lesions on three leaves of hybrid after— 

1 day 

7 day i 

14 days 

; 2S days 


[Low 

Medium 

High 

do 

Number 

440 

135 

154 

372 

207 

221 

365 

364 

Number 

74 

115 

163 

105 

140 

150 

57 

6 

! 

Number 

124 

45 

46 
18 
30 
12 

1 

0 

Number 

372 

105 

18 

1 

79 

10 

0 

0 

Ohio 

North Carolina 

iHigh 1 

do _ 

[Low 

Medium 

iHigh 

do 

Medium.. _ . 
Low. .. 

High 

do ... ..i 

Medium 

Low 


Soil Temperature 


Under natural conditions the soil is exposed to wide fluctuations in 
temperature, which might be expected to have some influence on the 
virus content of the soil. On account of the high thermal death point 
of the tobacco mosaic virus, however, little direct effect of high soil 
temperatures is to be expected. Such temperatures are likely to be 
concerned chiefly with the rate of microbial actmty in the soil and 
the resultant decomposition of infected plant tissues. Judging from 
the behavior of the tobacco mosaic virus in extract at different 
temperatures, it might be anticipated that low soil temperatures 
would act in a preservative manner, preventing decay and generally 
prolonging the life of the virus. That this is not necessarily so will be 
shown in the following experiments, in which freezing temperatures 
in particular were found to cause relatively rapid inactivation of virus 
extract in the soil. 

A preliminary experiment was planned to test the relative rate of 
inactivation of the virus in two soils (Wisconsin (S) and Maryland 
soils) at a series of temperatures ranging from approximately 0° to 
40° C. (table 10). Virus was added to the soils in the form of extract 
and the soils w^ere stored in a moist condition in 2-kg lots in covered 
pans, placed in incubators kept at constant temperature. Daily 
readings were made of the temperature of each incubator and were 
found to vary very little from week to week. The mean of the daily 
readings for each incubator is given in table 10. As a control, virus 
extract diluted to 1 to 20 with water was stored in small stoppered 
bottles, one of which was placed in each chamber. 

At temperatures of approximately 5° to 30° C., significant differ- 
ences in the rate of inactivation of the virus over a number of weeks 
were found to be either lacking or veiy slow to develop. At 40° C., 
inactivation was distinctly more rapid in both soils, though not so 
evident in the extract, 'fhe most striking effect, however, occurred 
at approximately 0° C., where the decline in virus content of both 
soils was even more marked than at 40° C., although the virus extract 
stored in bottles at that temperature showed no comparable change. 
It seems likely that the more rapid inactivation at higher tempera- 
tures was due to the rate or type of microbial activity. The inactiva- 
tion at 0° C., however, was more obscure and necessitated additional 
tests at low temperatures. 
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Table 10. — Influence of temperature on the rate of inactivation of tobacco virus 1 
aided in the form of extract to two different moist soils 


Lesions on 3 leav es of hybrid after — 


Extract m — 


Wisconsin fS) soil V 


I 


Maryland soil. 


Water (stored at dilu- 
tion of 1 to 2<1. tested 
at 1 to 1,000) 


Mean 

tem- 

per- 

ature 


0 

weeks 

C) 

1 

week 

2 

weeks 

5 

weeks 

vv eeks 

8 

VN eeks 

10 

weeks 

12 

V, eeks 

14 

weeks 

16 

weeks 


xVu m- 

Nil m- 

Num- 

Num- 

Num- 

Num- 

Nam- 

Num- 

Num- 

Num- 

° C 

her 

her 

her 

ber 

bn 

ber 

ber 

ber 

ber 

ber 

'—0 4 

406 

85 

47 

28 

42 

s 

16 

4 



4 8 

345 

570 

OTQ 

277 

400 

300 




8 3 

722 

703 

406 

351 

399 

660 

166 

68 

154 

161 

15 8 

425 

792 

127 

494 

283 

402 





) 19 6 


446 

84 

196 

419 

348 

20 

135 

177 

ii 

24 2 

543 

354 

174 

84 

150 

201 





29 5 

415 

215 

219 

120 

1.57 

210 

7n 

14J 



1 40 3 

540 

423 

ID 

25 

3 

34 

8 

8 



(—2 0* 

366 

192 

63 

76 

116 

50 


10 



4 8j 

3651 

660 ' 

243 

1,260 

606 

444i 




8 3 


703 

275 

866 

712 

630 

710 

830 

”"520 

590 

/ 15 8 

296 

341 

394 

' 953 

272 

490 





19 6 

550 

407 

169 

780 

826 

593 

”'664 

670 

441 

398 

24 2 

i 562 

457 

244 

696 

745 

456 





29 6 

554 

340 

307 

634 

560 

440 

248 

326 

100 

115 

40 3 

! 490 

434 

98 

216 

90 

110 

43 

.50 

12 

4 

(-0 4 

295 

53 

188 

363 

170 

311 

258 

247 


240 

4 8 


114 

114 

290 

111 

1 232 





S 3 


137 

73 

179 

279 

343 

179 

49 


30 

j 15 g 


314 

86 

171 

320 

1 168 





19 6! 


308 

110 

256 

92 

’ 285 

365 

”158 


' 326 

24 2 


254 

80 

194 

369 

215 




29 b 


467 

135 

129 

38 

78 

46 

' i 


1 

40 3 


72 

58 

172 

64 

194 

223 

202 


119 


Aver- 
age 
num- 
ber of 
lesions 


80 

362 

367 

420 

204 

251 

177 

131 

110 

595 

648 

45S 

550 

527 

362 

155 

236 
172 
159 
212 

237 
222 
112 
138 


> See footnote 2, table 2. 
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In a second and similar experiment the same two soils were tested 
at three different temperatures below freezing (approximately 1°, 
— 10'^, and —21^ C.) in comparison with controls stored at approxi- 
mately C. (table 11). AM soils were in a moist condition at the begin- 
ning of the experiment and were kept up to weight by the regxilar 
addition of water, where required. The freezing of the soil, regardless 
of the actual temperature reached, caused relatively rapid inactiva- 
tion of the virus present therein, as compared with the controls. 
The frozen soils appeared to be in a veiy dry condition, although still 
maintaining their original weight. This was believed to be due to the 
low temperature causing the water to crystallize out of the soil in 
the form of ice. In subsequent experiments, therefore, various soils 
either partly or fully saturated with water were tested at tempera- 
atures below and above freezing, with similar results (table 12). It 
IS evident that freezing causes relatively rapid inactivation of virus 
present in the form of extract in the soil, presumably as a result of 
desiccation of the soil and not as a direct effect of the low temperatures, 
since there is little effect on the virus itself at these temperatures 
when tested either in extract alone (tables 10, 11) or in plant tissues 
in the soil (tables 14, 15). It seems certain, therefore, that, under 
held conditions, such virus as leaches into the soil prior to the freez- 
mg of the soil must become largely, if not entirely, inactivated, 
ilence it may reasonably be assumed that in cooler climates any free 

time of field planting has leached into 
It during the sprmg, whereas in tropical or subtropical climates this 
particular form of inactivation must be normally lacking. 
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Table 11. — Influence of freezing temperatures on the rate of inactivation of tobacco 
virus 1 added in the form of extract to two different moist soils 


Extract in— 


Wisconsin (S) soil 2, 


Maryland soil 

Water (stored at dilution of 1 
to 20, tested at 1 to 1,000) 


Mean 

tem- 

pera- 

ture 

T.re3ioiis on 3 leaves of hybrid after— , 

1 Av'erage 

1 number 
tof lesions 
after first 
j w^eek 

0 week 1 

1 week 

3 weeks 

5 weeks 

7 weeks j 

9 w eeks 

rc.) 

No , 

No 

No. i 

No. 

No i 

No 


( -1 4 

201 

64 

22 ! 

7 

8 


: 25 

1 -9.9 

300 

92 

11 

2 

3 1 


27 

1-20.6 

402 

15 

24 

2 

0 


' 10 

1 +8 5 

550 

156 

58 

154 ! 

161 


132 

f -1 4 

456 

340 

265 

25 

27 

4 

132 

I -9 9 

444 

.380 

126 

78 

3 

3 

US 

1-20 6 

490 

870 

224 

106 ! 

1 

5 

241 

1 +8 5 

630 

710 

8,30 

520 

590 

98 

550 

-20 6 

232 

430 

282 


260 i 

91 

266 


1 See footnote 2, table 2 

2 See explanation of letter on p 272 

Table 12. — Influence of freezing temperatures on the rate of inactivation of tobacco 
virus 1 added in the form of extract to different soils either partially or fully sat- 
urated 

SOIL SEMISATURATED WITH WATER 


Extract m— 

Temperature 

lAssions on 3 leaves of hybrid after— 

Aver- 
age 
num- 
ber of 
lesions 
after 
first 
week 

Mean 

Range 

0 

week' 

1 

week 

2 

weeks 

4 

weeks 

6 

weeks 

•8 

w^eks 

Pennsylvania soil 

Georgia soil 

Full strength extract 
(tested at dilution of 1 
to 1,000). 

(° C) 

\ 15 7 

r -3 2 

1 15.7 

4 8 

(° C.) 

-1 2 to -2 1.., 

15 1 to 16 2 ' 

-2 9 to -4 2.. 

15 1 to 16 2 : 

4 3 to 5 6 

No \ 
1,070 j 
923 1 
880 
893 

No 

301 

835 

636 

670 

No 

No. 

390 

465 

266 

730 

237 

No 

9 

50 

52 

350 

No. 

7 

106 

17 

I 560 
302 

177 

364 

240 

577 

289 


SOIL SATURATED WITH WATER 



f —1.3 

_0 9 to — 1.7-. 

200 


39 

16 



27 


J2-4 

7 to —19 

135 

— 

19 

1 



10 


1 16.0 

15 8 to 16 4 

310 



104 



135 


1 —3. 5 

—3 1 to —4 3-. 

193 1 


62 : 

27 



44 

New York soil 

J 2-4 

7 to —19 j 

72 


52 

1 1 




26 


1 16 0 

15 8 to 16 

55 


218 

94 



156 


1 See footnote 2, table 2 

2 Soil outdoors (Feb. 4 to Mar. 4). 


Microbial Action 

The extreme longevity of the tobacco mosaic vii'us in bottled liquid 
extract, without preservatives, and in dry plant tissues is an out- 
standing characteristic of this virus. The fact that the addition of 
preservatives prolongs the life of the virus in extract suggests that 
such slow inactivation as occurs under these conditions may be due 
partly to decomposition of plant materials through noicrobial activity, 
which may be expected to be retarded by the limited oxygen supply 
and by the toxic effect of the products of decay. Inactivation of the 
virus is more rapid in moist plant tissues than in bottled extract, 
perhaps on account of a more plentiful supply of oxygen favorable for 
microbial growth and also of the supply of cellulose and other sub- 
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stances available as a medium for microbial, particularly fungous, 
development. ^ It has repeatedly been shown in this and other investi- 
gations that ^urus extract becomes inactivated only very gradually in 
the soil at moderate temperatures, and, as indicated in an earlier 
paper (6), the virus is inactivated even more slowly, if at all, when 
soil and \urus are brought together imder aseptic conditions. This 
suggests that decomposition by itself may result in inactivation. 

Although it is believed that much of the virus naturally present in 
the soil exists in the form of extract leached from infected plant tis- 
sues, the writers’ experiments indicate that virus present in the soil 
in this form is subject to more vigorous types of inactivation than 
t^t remaining in plant tissues. Thus, tests of the persistence of 
virus in infected plant parts incorporated into the soil have shown 
that freezing does not cause inactivation of the virus present in the 
tissues (tables 14 and 15), nor does desiccation of undecayed tissues 
(table 14). According to the writers’ observations, the gradual loss 
of virus from dead plant parts below the soil surface, under natural 
conditions, must result largely either from leaching out of the virus 
or from decomposition, or, more probably, from a combination of 
both factors. 

The rate of decomposition of the tissues and of inactivation of the 
\drus probably depends on a number of factors, such as the size and 
type of the plant parts (roots, stalks, leaves, etc.) and on the soil 
temperature, moisture, and air supply, as well as on the soil character 
and types of organisms present. In the present investigation, attempts 
have been made to compare the extent and rate of such decomposition 
under different conditions by exposing various types of virus-infected 
tissue, such as roots, stalks, and leaves to decay at different temper- 
atures in a very moist atmosphere in the absence of soil (table 13), 
and under winter conditions in the presence of soil (tables 14 and 15). 

In the first experiment, chied roots, stubble wood, stalks, and leaf 
lamina, fresh green leaves, and virus extract were placed in separate 
glass beakers set on a layer of moist sand in each of five enamel pans. 
Four pans were kept closed, the fifth open (table 13). Both plant 
parts and sand were kept very moist by frequent addition of water. 
The pans were placed under different temperature conditions, as shown < 
in table 13, and inoculations were made at intervals by the usual 
method from samples of the different materials. As might be ex- 
pected, decay of the tissues proceeded at a much higher rate at the 
higher temperatures than at the lower, and the rate of inactivation 
of the virus in the tissues appeared to be correlated with the rate of 
decomposition. Thus, at a temperature of 2° to 3° C., the virus con- 
tent of the different pknt parts remained very high, even after 20 
weeks, while at the highest temperature, about 39° to 41° C., at 
which decay was rapid, the virus content diminished rapidly. It was 
thought that virus present in the woody tissue of the large roots and 
base of the stalk might surviv^e longer than that present in the more 
succulent leaf or sucker tissue. It was found difficult, however, to 
obtain strictly comparable data on this point, owing either to wide 
differences in concentration of the virus present in the tissues or to 
(^culties of extraction. Nevertheless, the results tend to indicate 
that the stubble and roots of the crop are no more likely to preserve 
the virus, by virtue of their size and composition, than is the leaf 
tissue under the same environment. 
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Table 13 . — Rate of inactivation of tobacco virus 1 %n various tobacco plant tissues 
allowed to decay naturally at different temperatures in the absence of soil 


Temperature range (° C ) 
and how kept 


2 to 3 (refngerator)-- - 

—30 to IS (outdoors)--- 

16 to 27 (indoors; pan closed) - 
16 to 27 (indoors, pan open),. 
39 to 41 (incubator) 


2 to 3 (refrigerator) 

—30 to 18 (outdoors) 

16 to 27 (mdoors, pan closed). 
16 to 27 (mdoors, pan open).. 
39 to 41 (incubator) 


2 to 3 (refrigerator) 

—30 to 18 (outdoors) 

16 to 27 (mdoors, pan closed). 
16 to 27 (indoors, pan open).. 
39 to 41 (incubator) 


Number of lesions on 3 leaves of hybrid after indicated period resulting 
from virus from — 


Roots 


82 


Stubble wood 


Stalks 


'574 


400 


Dried leaf lamina 


550 

600 

21 


Fresh green leaves 


600 

132 


Extract (stored at 1 to 10 dilution) 


38/ 


2192 
2 10 


2 135 
2 36 


1 Immediately after infection with the virus. 2 Virus not diluted further for inoculation. 

Table 14 . — Rate of inactivation of tobacco virus 1 in various tobacco plant tissues 
placed in 2 moist soils and exposed to winter conditions in Wisconsin 
[Wisconsin (S) soil (pH 8.2) and Wisconsm (L) soil (pH 6.2) used;> experunent begun Sept. 27, 1934] 


Date 

Mini- 

mum 

tem- 

pera- 

ture 

over 

pre- 

cedmg 

period 

1934 

OR, 

Sept 27 


Oct. 4 

37 

Oct. 11 

45 

Nov. 1 

28 

Nov 8 

27 

Nov, 22 

26 

Dec. 19 

4 

193.5 


Jan 16 

-8 

Feb. 14 3-.. 

-22 

Mar 14 3_.. 

-3 

Apr. 9 3 

19 

May 93 

21 

June 9 3 

38 

Total 


Average.. 



Lesions on 5 leaves of Nicotiana gluiinosa from— • 


Plant parts m 2 different moist 
soils 2 

Plant parts stored dry m warm 
room without soil 

Extract 

(stored 














Stub- 


Suck- 

Leaf 



Stub- 


Suck- 

Leaf 

dilution, 

Roots 

ble 

Stalks 

er 

lam- 


Roots 

ble 

Stalks 

er 

lam- 



wood 


stems 

Ina 

LL UtUL 


wood 


stems 

ina 

1,000) 

iVo, 

No. 

No 

No. 

No 

No. 

No. 

No 

No. 

No. 







46 

50 

54 

35 

64 

3 



74 

50 

92 

39 

98 

111 

221 

485 

16 

148 

635 

170 

136 

67 

376 

50 

60 

78 

687 

744 

199 

820 

1, 270 

69 

7 

9 

14 

16 

98 

64 







35 

78 

151 

4 

325 

170 


508 

350 

520 

900 

180 

174 

131 

111 

106 

178 

54 






270 

17 

6 

20 

4 

177 

2 

246 

312 

54 

285 

554 

67 

16 

2 

5 

3 

58 

0 







79 

2 

20 

6 

130 

1 







11 

3 

76 

8 

161 

1 







88 

15 

71 

39 

84 

0 

i 






8 

2 

5 

2 

140 

0 







41 

1 

7 

9 

46 

0 

46 ! 

48 ; 

16 

156 i 

1,250 


686 

366 

948 

286 

1,591 

531 

1,519 

2,132 

699 

1,932 

4,609 

756 


30 

i 

79 

24 

i 

122 

41 

253 j 

355 

116 ' 

322 

922 

151 


1 See explanation of letters on p. 272. 

2 Figures represent average of readings from 2 different soils. 

3 Inoculations made to 3 leaves of hybrid plants. 


54105 - 36 - 
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Table IS.— Rate of iriactivation of tobacco rims 1 at various tobacco plant tissues 
placed in 2 moist soils and €.vposed to winter conditions in Wisconsin 


[Wiseonsm (S) soil (pH 8 2) and Wisconsin (L) soil (pH 5 2) used,* experiment begun Dec 4, 19:34] 


1 

Date 

Mini- 
mum 
tempera- ' 
ture over 
preceding 
period 

Average number of lesions- on 3 leaves of hybrid inoculated 
from— 

1 1 

Total 

! 

Boots 1 

stubble 

wood 

Stalks 

Sucker 

stems 

Leaf 

lamina 

Green 

plants 

of lesions 

1 

1934 1 

Dee 4 

1935 

^F. 

190 

1 

37 

1 

38 

270 

1,200 

900 

2, 635 

Mar 5 

-22 

136 

88 

; 66 

37 

553 

368 

1, 248 

Apr 3 

13 I 

47 

38 

1 50 

23 

475 

380 

1,013 

May 2.__ 

21 

27 

17 

! 15 

5 

177 

147 

388 

June 2 _ 

30 ; 

36 

52 

: 3 

11 

200 

363 

665 

June 20 

43 

12 

18 

5 

IS 

175 

462 

690 


I See explanation of letters on p 272. 
Average of readings from 2 different soils. 


In a second experiment, the various plant parts were added sepa- 
rately to two different moist soils (Wisconsin (S) and Wisconsin (L) 
soils) in 6-kg lots placed in open wooden boxes set outdoors in early 
autumn in a shelter and covered with heavy canvas ; hence, they were 
exposed to considerable microbial action before winter temperatures 
set in. The soils were kept moist by regular addition of water. Inoc- 
ulations were made at intervals from the plant parts and from similar 
dried tissues kept as stock material (table 14). The volume of roots, 
stubble wood, stalks, and sucker stems taken as samples for extraction 
with 10 cc of water could only be roughly estimated, so that the rela- 
tive value of the lesion counts obtained is less than in trials where 
measured quantities of soils were taken. Samples from soils infested 
with dried leaf lamina or with virus extract were taken by the usual 
cork-borer method. 

The results are significant chiefly in showing the period the virus 
may persist in plant parts exposed to decay under more or less natural 
over-wintering conditions, and at the same time showing that a gradual 
reduction of virus content occurs in the tissues. Virus was recovered"^ 
from the plant parts in the soil as long as 8 months after the beginning 
of the experiment. At the end of this period, the tissues were in a 
partly decayed condition, though not so markedly so as in the pre- 
ceding experiment conducted in the absence of soil. Freezing of the 
soil did not cause any rapid inactivation of virus present in the plant 
tissues. 

A third experiment, conducted along similar lines with the same 
soils but started later in the season (Dec, 4), at about the time of the 
first killing freeze, yielded similar results (table 15). It appears from 
these tests that the virus present in plant tissues below the soil sur- 
face is as resistant to inactivation as the tissue is to decay, i.e., some 
vmus may remain in the tissues in moist soil until they are completely 
disorganized by decay, provided, of course, that excessive leaching 
out does not occur in the meantime. This was avoided in the present 
experiments since the soil lots were protected from direct rainfall. 
No significant differences were observed in the effect of decay upon 
the rate of inactivation of the virus in the respective plant parts. 
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Preliminaiy tests have shown, however, that when virus-carrying 
plant tissues in advanced stages of decay are exposed to air-drying, 
the virus may be rapidly inactivated (table 16), presumably as a 
result of drying, as in the case of virus extract in desiccated soil. 
The problem of weathering of infected plant tissues on or above the 
soil surface rnay consequently be quite different from that dealing 
with the persistence of the virus in tissues overvdntering beneath the 
soil surface. 

Table 16. — Influence of air-drying on rate of inactivation of tobacco virus 1 in badly 

decayed plant tissues 

[Tissues exposed to decay for 24 weeks at 2®-3® O. before air-drying] 



Lesions on 3 leaves of hybrid 
inoculated from — 

1 

Tissue 

Tissues air- 
dried for 8 
days 

Tissues not 
air-dned 
(control) 

i 

Roots 

Number 

2 

Number 

76 

Stubble wood 

0 

240 

Stalks 

1 

0 

400 


Tissue 

Lesions on 3 leaves of hybrid 

1 inoculated from — 

Tissues air- 
dned for 8 
days 

Tissues not 
air-dned 
(control) 


Number 

Number 

Cured leaf. 

\ S3 

560 

Green leaf 

11 

600 


SuBVivAL Time 

Evidence has previously been presented (6) that the tobacco mosaic 
\irus may overwinter m the soil, that is, strictly speaking, may survive 
in the soil from the time of the first killing fall freeze to the time of 
planting in the spring. This period is naturally longest in the more 
northerly tobacco-growing districts. The maximum length of this 
period is usually not more than 8 months and may sometimes be 
considerably less in the North, while in southern tobacco-growing 
districts it may average less than 2 months. 

A number of experiments have been conducted to test the persist- 
ence of the tobacco mosaic virus in different soils imder various con- 
ditions. Experiments have already been described showing the per- 
sistence of the virus for at least 8 months in different plant tissues in 
the soil when exposed to natural winter conditions in Wisconsin 
(tables 14, 15). The results presented in table 14 show that the virus 
is able to sinvive the overwintering period in small portions of infected 
tobacco plants and that considerable active virus is still present in the 
decaying tissues at planting time the following spring. The data 
suggest that the roots and stubble of the plant are not more conducive 
to overwintering of the virus than is leaf tissue under the same environ- 
mental conditions. In the field, leaf tissue may in some instances be 
a particularly common form of virus-carrying refuse from both first 
and second growth. Consequently, it may follow that the actual 
amount of virus overwintering in plant tissues wdll depend greatly 
on certain cultural practices, such as time of plowing, and upon other 
environmental factors, e.g. precipitation, to which infected plant 
tissues are exposed. However, it is not proposed to discuss these 
more practical aspects in detail at present. 
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Other tests of the persistence of virus in the soil have been made, 
using inoculum in the form of extract, which permitted a fairly uniform 
distribution of the virus throughout the soil. 

In one experiment, virus was added as extract in the usual manner 
to 2-kg-lots of moist soil in covered pans. Ten different soils were 
used, as shovm in table 17. The pans were placed in a shelter out- 
doors in the early fall (Sept. 26) for exposure to natural winter condi- 
tions, and samples for inoculation were taken at intervals until the 
middle of the following February. The results presented in table 17 
are indicative of the general trend of subsequent trials in that no 
significant differences were apparent between most of the soils tested, 
though a few seemed to be definitely less favorable to the survival of 
the virus in the soil. The virus content of most soils remained at a 
high level for about 2 months and then dropped suddenly m all soils 
during December. This is believed to be a result of freezing of the 
soil (tables 10, 11, and 12), since the sudden decline was correlated 
with a marked drop in outdoor temperatures below freezing, as 
indicated in table 17. The experiment was then repeated with soils 
stored at room temperatures and not exposed to either freezing or 
drying. Ten of the more outstanding soils were selected on the basis 
of their behavior in pre^fious trials, and these are listed in table 18. 
This table shows that inactivation proceeded considerably more 
slowly in the West Virginia and New York soils, for example, than in 
the Wisconsin (C) and Pennsylvania soils, but that it was slow in 
most soils as compared with pme sand. Similar results have been 
reported in earlier comparisons of sand and soil (^), but the theory 
previously offered that this phenomenon is related to aeration seems 
no longer tenable. 


Table 17 , — Persistence of tobacco virus 1 added in the form of extract to dijferent 
moist soils exposed to winter conditions in Wisconsin 


Date 

Mini- 

mum 

temper- 

ature 

over 

preced- 

ing 

period 

Lesions on 3 leaves of hybrid inoculated from soil > from— 

South 

Caro- 

lina 

(2) 

Wis- 

consin 

(B) 

Mary- 

land 

Wis- 

consin 

(El 

Con- 

necti- 

cut 

Wis- 

consin 

(W) 

Ten- 

nessee 

(C) 

West 

Vir- 

ginia 

Wis- 

consin 

(C) 

Penn- 
syl- c. 
vania 



Kum- 

Kum- 

Kum- 

Kum- 

Ku m- 

Kum- 

Ku m- 

Num- 

Num- 

N'um- 

1934 

°F. 

her 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

Sept 26 


347 

230 

322 

875 

148 

259 

176 





Oct 3 

37 

537 

827 

530 

610 

3M 

239 

426 

593 

254 

Oct 17 

44 

900 

850 

1,000 

720 

441 

588 

172 

174 

284 

292 

Oct. 21 

42 

600 

740 

420 

674 

205 

328 

165 

303 

110 

312 

Nov. 13- 

26 

367 

357 

307 

239 

503 

168 

32 

157 

32 

75 

Nov 28---. 

26 

720 

378 

329 

366 

201 

204 

318 

1.58 

105 

80 

Dec 18 

4 

62 

4 

35 

12 

9 

15 

0 

14 

2 

1 

1935 












Jan 16 

-8 

1 

i 0 

1 

2 

1 

2 

1 

0 

0 

0 

Feb. 15 

1 -22 

0 

0 

0 

1 

0 

' 2 

5 

0 

0 

0 

Average _ ... 

I 

393 

376 

365 

299 

248 

204 

163 

159 

168 

141 


1 See explanation of letters and numerals on p. 272. 
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Table 18 . — Persistence of tobacco virus 1 added in the form of extract to different 
soils stored at moderate temperatures and maintained in a moist condition 


Soil ‘ 

1 Lesions 2 on 3 leaves of hybrid after— 

1 

1 

I Average 
number 
; of lesions 

0 week 3 

1 week 

5 weeks 

9 weeks 

13 weeks 

16 weeks 


Number 

Number 

Number 

Number 

Number 

Number 


West Virginia 

328 

81 

350 

178 1 

155 

322 

236 

New York — - 

127 

124 

333 

240 

329 

112 

211 

Ohio - 

583 

194 

223 

17 

15 

70 

184 

Wisconsin (B) 

191 

169 

196 

94 

180 

123 

159 

Tennessee (S) 

298 

175 

104 

77 

29 

154 

139 

Connecticut- 

160 

64 

265 

44 

136 

143 

135 

Pennsylvania-- - 

475 

151 

28 

3 

4 

23 

114 

North Carolina 

196 

169 

81 

64 

31 

41 

97 

Sand - 

324 

10 

2 

1 

0 

0 

56 

Wisconsin (C) 

189 

65 

17 

6 

2 

2 

47 

Virus extract (at 1 to 1,000 dilution) - - 

44 

31 

35 

40 

65 


43 


1 See explanation of numerals on p. 272. 

2 Average of 2 separate readings. 

3 See footnote 2, table 2 


A further comparison of the West Virginia and Wisconsin (C) soils 
with sand is given in table 19. In this test, duplicate series were run 
at moderate temperatures, 4-months-old and fresh tobacco mosaic 
virus extract being used respectively. Again the rate of inactivation 
was lowest in the West Virginia soil and highest in sand, even when 
fresh virus extract was used, though in all cases the rate of inactiva- 
tion was higher for the old extract than for the fresh. Similar tests 
made at the same time with lots of sand screened to four different 
particle sizes revealed no difference in the rate of inactivation of the 
virus in the different lots. The reason for this peculiar effect of sand 
on the virus is not understood. 

Additional evidence of the ability of the tobacco mosaic virus in 
the form of extract to pemist for long periods in the soil in the ab- 
sence of drying and freezing is presented in table 20. In this experi- 
ment, virus extract was added to nine different soils stored at room 
temperatures and kept in a moist condition. The rate of inactiva- 
tion was slow in aU soils, and virus was stiU recovered from some soils 
^s long as 12 months after the beginning of the experiment. 

It was not unusual to find that the ordinary tobacco mosaic virus 
had become attenuated in varying degrees in soils in which the con- 
centration of virus had become much reduced, that is, in soils yielding 
perhaps one to five local lesions upon inoculation to a hybrid plant. 
The presence of these attenuated forms could be demonstrated by inocu- 
lating soil samples into ordinary tobacco, which then developed systemic 
symptoms of var3dng degrees of mildness. Presumably, in this case, 
infection resulted from one or a few isolated virus particles, which had 
become attenuated in some way in the soil. That such attenuated 
forms represented strains of tobacco virus 1 could be shown by inocula- 
tion back to the hybrid. It has previously been shown that similar 
attenuated strains can be obtained also from field soils {6), 
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Table 19. — Coinparison of the rate of inactivation of tobacco virus 1 added in the 
fortn of fresh ayid of 4-^nonth-old extract to two moist soils of different type and to 
sand, and stored at moderate temperatures 


fBotb old and fresh virus extract used in separate tests] 


Soil 

Total 

colloids 

Virus 

extract 

Lesions i on 3 leaves of hybrid after— 

Total 

lesions 

0 

week 2 

1 

week 

m 

fe 

3 

weeks 

4 

xveeks 

5. 

weeks 

weeks 

9 

weeks 


Percent 


Xo 

.Vo 

No. 

No. 

No 

No 

Xu. 

Xo 

No 



fOld i 

625 

227 

61 

31 

47 

54 

35 

66 

1, 146 

V est \ irgmia 

48 6 

1 Fresh. _ 

860 

449 

230 

167 

170 

167 

236 

261 

2, 530 



/Old 

675 

.300 

50 

7 

15 

4 

6 

10 

1,067 

Wiheonsin fC) L. 

17.4 

t Fresh,.. 

I 900 

278 

132 

34 ^ 

10 

10 

36 

23 

1,423 

1 


fold 

525 

42 ! 

6 

1 1 

4 

0 

0 

\ 

579 

Sand 

1. S 1 

(Fresh.,. 

538 

157 

46 

,45 

1 

69 

20 

42 

7 

913 


I Average of 2 separate readings. 

Immediately after infestation with the virus. 
3 See explanation of letter on p 272. 


Table 20. — Persistence of tobacco virus 1 added in the form of extract to different 
soils stored at temperatures varying between 50^ and 100° F. arid maintained in a 
moist condition 


Lesions on 5 leaves of Nicotiana gluimosa inoculated from soil ^ from — 


Month 

West 

Vir- 

ginia 

Florida 

Georgia 

Ten- 

nessee 

iC) 

South 
Caro- 
lina (1) 

Wis- 

consin 

(B) 

Con- 

necti- 

cut 

Mary- 

land 

Wis- 

consin 

(S) 

1934 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 


175 

600 

350 

125 

350 





July * 

60 

45 

80 

8 

176 

600 

275 



August L. 

56 

50 

15 

18 

12 

70 

12 



September 3 

30 

45 

23 

2 

21 

68 

14 

550 

543 




28 

28 

105 

310 

92 

780 

196 

November 

250 

150 

130 

10 

37 

300 

34 

593 

348 

December 

250 

130 

300 

40 

200 

230 

77 

441 

177 

1935 










January 

170 

83 

98 

37 

11 

60 

43 

398 

11 

February 

98 

42 

19 

106 

12 

12 

25 

96 

5 

March 

295 

43 

15 

23 

104 

33 

10 

194 

35 

April 

120 

52 

3 

16 

16 

98 

8 

36 

5 

Alay 

38 

30 

30 

12 

30 

20 

28 

162 

36« 

June.-- 

140 

0 

0 

25 

0 

76 

25 

02 

162 

Average 

140 

103 

82 

35 

SO 

166 

54 

330 

152 


1 See explanation of letters and numerals on p 272 

2 The low figures obtained for these months are due largely to the use of unsatisfactory Nicotiiia gluiinosa 
plants for the tests. 

3 Soil accidentally dried out. 


These experiments on the survival of the tobacco mosaic virus in 
the soil under laboratory and greenhouse conditions are believed to 
give sufficient evidence that the virus may persist regularly in various 
types of soils and under various environmental conditions for periods 
of a year or more. It is evident, however, that this survival is ac- 
companied not only by inactivation of by far the greater portion of the 
virus originally present, but also by attenuation of virulence of a 
significant part of the remainder. While this high percentage of 
inactivation is very fortunate in connection with cultivation of the 
crop, it should be emphasized that after heavily infected crops the 
over win tei‘ing of only a small fraction (I percent or less) of the virus 
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originally infesting the soil the previous autumn would yield suflScient 
inoculnm to account for high percentages of infection on the crop the 
following year. 

DISCUSSION 

The greenhouse and laboratory experiments reported in this paper 
were not designed primarily in relation to the practical field aspects 
of the tobacco mosaic problem. It has previously been shown that 
the tobacco mosaic virus may survive the winter in the soil (d), but 
little information has been available on its behavior in the soil under 
the various conditions to which it is naturally exposed. Consequently 
it was felt that a preliminary study of the individual factors which 
might play a part in the inactivation or survival of the virus in the soil 
were fundamental to a further study of the disease under field con- 
ditions. The results obtained have yielded an unexpected amount of 
information in certain respects and should not only aid materially 
in an interpretation of the apparently inconsistent behavior of the 
disease in the field, but also in the plaiming and conduct of further 
experiments relating to field control. 

Apart from field aspects, however, a number of observations have 
been made during the course of the experiments which may have 
some bearing on the nature of the virus itself. Such phenomena as 
the behavior of the virus in sand, its rapid inactivation in soil, in the 
form of extract, as a result of desiccation and freezing, and its ap- 
parent sensithdty to these same conditions in severely decayed tis- 
sues suggest starting points for new lines of investigation of a more 
fundamental nature. 

SUMMARY 

Greenhouse and laboratory experiments were conducted to de- 
termine the relative importance of various factors in the persistence 
or inactivation of the ordinary tobacco mosaic virus (tobacco virus 1 ) 
in the soil. 

The virus was found to leach out readily into the soil from decaying 
infected plant tissues; consequently, the experiments were performed 
chiefly wdth virus extract or different plant tissues added directly 
^4-0 the soil. Representative soils obtained from the different tobacco 
districts of the United States were used in the investigation. 

Addition of virus extract to certain soils resulted in immediate 
inactivation of an appreciable amount of the virus, but in no case 
did this approach the high degree of inactivation caused by charcoal 
or other highly adsorptive substances. Neither did this hmited type 
of inactivation appear to be correlated with the physical character 
of the soil, in the presence of soil moisture. Desiccation of ^ the soil, 
however, resulted in an immediate, and usually complete, mactiva- 
tion of virus extract added thereto. The rate and degree of inactiva- 
tion diu*ing drying was correlated to a considerable degree with the 
character of the soil. It is possible that inactivation due to drying 
is related to adsorption phenomena. 

The degree of water saturation of the soil above a low minimum, and 
the range of hydrogen-ion concentration occurring naturally m soils, 
did not appear to affect the inactivation of the virus. Aeration evi- 
dently increased the rate of inactivation both directly and through 
its influence on microbial activity, but it operated relatively slowly. 
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Soil temperatures between 5^ and 30° C. did not appreciably 
affect the rate of inactivation of virus extract in the soil.^ At 40° C., 
inactivation was definitely greater. Freezing the soil, however, 
caused rapid inactivation of virus extract in the soil, irrespective 
of the actual temperature reached, probably as a result of desicca- 
tion through freezing out of soil moisture. Neither freezing nor 
desiccation caused any appreciable inactivation of virus present in 
undecayed plant tissues in moist soil. Desiccation of severely de- 
cayed tissues, on the other hand, caused rapid inactivation of the 
virus remaining therein. 

Exposure of moist infected plant tissues to decay in the presence or 
absence of soil resulted in a gradual loss of virus content, though con- 
siderable amounts of virus remained in the tissues until they became 
completely disorganized through microbial activity. The rate of 
this decay was natm^ally affected by temperature, moisture, and 
other conditions; nevertheless, considerable amounts of virus re- 
mained alive in the tissues after 8 months’ exposure out of doors, when 
kept in soil and consecpiently not directly exposed to weathering. At 
temperatures above freezing, virus extract persisted in moist, poorly 
aerated soil for a year or more. The rate of inactivation was, how- 
ever, definitely more rapid in some soils than in others, and was 
strikingly more rapid in pure sand than in field soils, for some reason 
not at present unclerstood. 

It is believed that the results presented should have considerable 
bearing on studies and observations made on the overwintering of the 
tobacco mosaic virus under field conditions, as well as on the planning 
of field experiments on the control of the disease. 
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GROWTH, CHEMICAL COMPOSITION, AND EFFICIENCY 
OF NORMAL AND MOSAIC POTATO PLANTS IN THE 
FIELD ^ 

By Winona E. Stone 

Assistant plant pathologiUj Vermont Agucultui al Experiment Station 

INTRODUCTION 

This paper presents a comparison of the growth, chemical composi- 
tion, and efficiency of healthy and mosaic potato plants (Sohuiurn tu- 
berosum L.) growm in the field under the same conditions. In this 
investigation the daily efficiency of the lessened leaf spread of mosaic 
plants is paralleled wdth that of the much larger leaf spread of normal 
plants. The problem is: Is a unit leaf area of a mosaic potato plant 
as efficient per day as a unit leaf area of a normal plant? To deter- 
mine this point two sets of data are necessary: (1) The daily size 
and increase in spread of foliage, and (2) the composition in "green 
and dry w^eight, ash, carbon, starch, and sugar at the end of the 
measurements. 

WORK OF OTHER INVESTIGATORS 

The daily leaf spread had to be determined while the potato leaflets 
w^ere attached to the plant. These measurements must be as accu- 
rate as possible if the results in yield, determined chemically, are to 
have any value or meaning. Darrow (8) ^ measured straw^berry 
leaves by three methods — leaf product, leaf matching, and adjustable 
platform planimeter. Correlation between extent of leaf surface and 
length times breadth of all three leaflets was accompanied by only 
0.2 percent error. Less accurate was the matching of leaves to pat- 
terns of known areas. The third method, which consisted of insert- 
ing the leaf under cellophane and measuring with a planimeter, could 
be used successfully on attached leaves, as could the first method. 
From the standpoint of ease of manipulation and accuracy, the leaf- 
product method appears to be the most successful. Gregory (13) 
took three linear and two angular measurements on Cucumis leaves 
and from these determined the area as for a hexagon. James (14), 
working with large numbers of plants, estimated areas by multiply- 
ing the average number of leaves by the average area of a w^ell- 
chosen sample leaflet. Vyvyan (84), using the attached plants as 
negatives, made prints of bean leaves and determined the area of the 
prints. Eisele (10) obtained the area of corn leaves by multiplying 
the length by the breadth by 75 percent. A somewhat similar 
method was used in this work. Stone (83) , from length and breadth 
measurements, reconstructed potato leaflets on a large scale.^ The 
areas of these diagrams w^ere determined by means of a planimeter 
and reduced to natural size. 

The chemical data on normal and mosaic plants, aside from those 
on yield at the end of the growth period, are fragmentary. Malhotra 

1 Received for publication Apr 29, 1935, issued March, 1936 
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(16) found little difference in the percentage of ash of normal and 
mosaic potato tops. Freiberg (11) confirmed these results with to- 
bacco. Meyer (17) made the general statement that plants which 
store starch abundantly contain little soluble reducing and nonreduc- 
ing carbohydrates in their leaves, while others which store no starch 
accumulate a high percentage of reducing sugars in their leaves. 
Dunlap (7, 8, 9) reported that mosaic reduced the percentage of re- 
ducing sugars, disaccharides, dextrins, starch, and pentosans. Brewer, 
Kendrick, and Gardner (^), Grandsire Malhotra (16)^ and Schertz 
(^^) found carbohydrates reduced in mosaic plants, or at least in the 
pale parts of diseased leaves. Dufrenoy (6) claimed that mosaic in- 
hibited photosynthesis and reduced the sugar content of the leaves. 

The practical importance of mosaic lies in the reduced yield of 
plants affected by it. Orton (19) found that diseased plants were 
smaller and the yield was 22 percent less than that of normal plants. 
Wortley (2d) reported losses of 100 percent on 200 Triumph plants. 
iVlurphy (18) recorded a 58 percent loss in 682 Green Mountain hills. 
Rosa ami Zuckerman (21) planted tuber units of rugose and mild 
mosaic plants for comparison with similar units of healthy plants. 
The rugose mosaic plants yielded 45.1 percent and the mild mosaic 
plants 57.6 percent as compared with the healthy plants. 

METHODS 

Green Mountain potato plants were started in the greenhouse. 
When of suitable size they were transplanted outdoors^ in a plot of 
heavy, wet clay soil that had been treated with ammonium sulphate 
and potassium" nitrate. The plot was surrounded by a cheesecloth 
screen, 3 feet high, to exclude flea beetles and other insects. The 
plants were set 4 feet from the screen and 2 feet from each other in 
order to avoid shading. Whatever the effect, if any, of the cheese- 
cloth, it was shared equally by all the plants. Any insects surmount- 
ing this barrier were removed by hand when the daily measurements 
were taken. 

Preliminary plantings were made from the tubers finally selected 
as seed, to determine the condition of the seed, but since it is not pos- 
sible to predict with certainty from one seed piece the condition of 
the other sprouts from the same tuber, the final plants differed in 
health from the trial plants. However, one normal strong plant re- 
mained in apparently healthy condition throughout the experiment, 
^ and four showing different degrees of mosaic were chosen for com- 
parison. Each plant was produced by a one-eyed seed piece and only 
one tuber shoot was allowed to grow. 

No attempt was made to name the mosaic according to accepted 
nomenclature. Two of the plants were slightly affected with mosaic 
and two were severely affected. Chemical data on the mosaic plants 
were combined and are presented in two groups, data on slight mosaic 
and on severe mosaic plants. 

Measurements of the leaflets, made daily at 9 a. m., were begun on 
July 25, when the plants were 10 cm high, and continued until 
September 2 and 3. By that time the plants had reached the flower- 
ing stage and had completed their period of most active growth. 
Narrow strips of millimeter coordinate paper were used as measures. 
Three measurements were taken: Plant height, length and breadth of 
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each tip leaflet, and length and breadth of one of each pair of side 
leaflets. Leaflets under 7 mm in breadth and 14 nini in length could 
not be measured accurately. The potato has a compound leaf com- 
posed of tip leaflet and two to four paired side leaflets Throughout 
tills work the tip leaflet was identified as leaflet a, the side leaflets 
as 6, Cj and d, from the tip to the bottom of the leaf. 

To convert the length and breadth measurements of the leaflets 
into areas, a table was compiled based on their relation to the area of 
a rectangle of the same dimensions. As a leaflet ages it changes from 
a long, slender lance shape to an oval with a broad base. For example, 
the actual area of a leaflet 9 by 17 mm was found to be about 75 cm" 
or 50 percent of 1.53 cm-, the area of a rectangle 9 by 17 mm, while 
the area of an older leaflet 50 by SO mm averaged 30 cm-, or 75 percent 
of 40 cm^, the rectangle area. A table was made up to include 
leaflets with all possible combinations of measurements. This table 
by actual trial was found to be as accurate as the method formerly 
employed by the author (23) and could be used much more quickly. 

On September 2 and 3 the plants were removed from the plot. 
The green and dry weights of roots, tubers, stems, tip leaflets, meas- 
ured side leaflets, and unmeasured side leaflets were determined. 

In the following presentation of data the plant designated 1 was 
normal, plants 2 and 3 were slightly affected with mosaic, and plants 
4 and 5 were severely affected. Only five plants were used in this 
experiment, for although the measuring was quickly done when the 
plants were small and the leaves few, as the leaves became more 
numerous the time required for making and recording measurements 
rapidly increased to 2 or 3 hours. At the height of growth, over 1,000 
measurements were made daily. It would have been impossible to 
consider the data comparable had they been taken over a period of 
more than a few hours, which would necessarily have been the case 
had a larger munber of plants been used. 

The official chemical method of Munson and Walker ( 1 ) was used 
in making the sugar determinations. Starch was determined by the 
use of Taka-diastase, according to the method of Davis and Daish 
(4), adopted by McGinty (15). Ash and carbohydrate were the result 
-^of the ordinary combustion procedure. 

GROWTH OF PLANTS 

Figure 1 shows that the normal plant produced fewer leaves than 
any of the diseased plants, except plant 4, but the larger size of the 
normal leaves gave a greater actual surface exposed. The final area 
of the measured leaves of the normal plant was 2,000 cm^, and that 
of the measured leaves of the mosaic plants averaged 920 cm.^ The 
average area of the normal leaflets was 17.5 cm^ and that of the mosaic, 
7.3 cm.^ Decrease in leaf area and leaflet size followed closely the 
increasing intensity of the disease. 

Differences in growth of the plants in height did not appear to be 
significant (fig. 2) until stated in terms of percentage. The gradation 
from 650 percent total height increase in the normal plant to 148 
percent in the most seriously affected plant was consistent with the 
observable severity of the disease. 
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The green -weight of measured leaflets decreased with increasing 
severitv of the disease (fig. 3). Green weight per square centimeter 
of leaf area varied, but the drv weight per square centimeter increased 



• 23^5 1234S 12345 

ABC 

Figure 1 —Compardtive final number (.4), area {B). and average size ( C) of all measured leaflets of plant 1, 
normal, plants 2 and 3, slight mosaic, plants 4 and 5, severe mosaic 

with increase in intensity of the disease. Possibly this is an indica- 
tion of the more compact arrangement of cells in mosaic leaves which 
Dickson (5) found. 



PLANTS PLANTS PLANTS 

12345 12345 12345 

ABC 


Figure 2.*-Helght at beginning (A) and end (B) of period of measurement, and comparative total percent- 
age increase m height growth (C) of plant 1, normal; plants 2 and 3, slight mosaic; plants 4 and 5, severe 
mosaic. 

Normal leaflets and leaves grew very rapidly for a short time then 
more slowly. Diseased leaves differed mostly in the amount of 
growth. They also usually showed an initial spurt, smaller to be sure, 
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and later they grew more slowly or not at all. Figures 4 and 5 show 
growth of comparable leaves and leaflets from normal and diseased 



weights per unit of fin^ leaf area of plant 1, normal, plants 2 and 3, slight mosaic; plants 4 and 5, severe 
mosaic. 

plants. Figure 5 indicates that growth in young inosaic leaves w^as 
not so far below normal as in older ones, shown in figure 4. The 



Figure 4 —Each day’s growth of older normal and mosaic leaves and leaflets (percent) added to that of the 
previous day. Typical comparable normal and diseased leaves (13 in A) and tip leaflets (13 AuxB). 

growth of leaves was less rapid than that of their tip leaflets because 
of the much slower growth of the side leaflets. In 87 percent of all 
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the leaves measured the tip leaflet exceeded the side leaflets in growth, 
and in 56 percent of the cases leaflet c showed the least growth. The 
tip leaflet is a continuation of the rachis of this pinnately compound 
leaf Growth appears to be greatest in the direction of the easiest 
flow of food materia). Pearsall and Hanby (20) thus explained 
greater tip-lobe growth in irx. 

In apparent opposition to the foregoing is the fact that in the leaflets 
growth in breadth exceeded growth in length almost without excep- 




tion The breadth-length growth relationship was more uniform in 
the nomial plant. 

In order to show the growth of the whole plant, the growth of eveiy 
fifth leaf was plotted (figs. 6 and 7). In the normal plant (fig. 6) as 
growth feU off in one pait of the plant it was picked up by a younger 
part. All normal leaves showed the typical rapid initial growth, but 
only the earlier mosaic leaves showed an initial spurt. Especially in 
the severely diseased plant (fig. 7, B) growth was without sequence, 
leaves 40 and 45 being larger and more rapid growers simultaneously 
with leaves 20 and 25, while leaves 30 and 35 exceeded 40 and 45. 

Plant 2 (fig. 7, A), slightly affected with mosaic, was intermediate 
between the severely affected and the normal plants. The initial, 
accelerated growth was present in nearly all leaves but more subdued. 
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Growth passed on from leaf to leaf in an orderly manner. In plant 2 
rather uniform and small sizes were attained by the leaves. "^Vlien 
last measured, leaves of the normal plant were stiU actively growing 
and ranged widely in size. 



JULY AUGUST SEPT 


FkiL re 6 —Day-by-day area increase (cumulative) of a senes of tip leaflets on the normal plant for the entire 

period of measurement. 


Mosaic plants showed decreased daily leaf spread as well as smaller 
total leaf spread. The relative efficiency of the plants was determined 
by chemical analysis. 



25 27 29 31 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 1 3 

JULY AUGUST SEPT. 


Figure 7 —Day-by-day area increase (cumulative) of a senes of tip leaflets on a slightly mosaic-affected 
plant, no 2 (U) and a severely mosaic-affected plant, no. 4 (B), 

CHEMICAL ANALYSIS OF PLANTS 

A summary of the results of the chemical analysis is presented in 
table 1. Data on the two sightly (leased plants (2 and 3) are com- 
bined, as are the data on severely diseased plants (4 and 5). The ash 
content was higher not only in the leaves of diseased plants, as has 
been reported b^y other investigators, but also in practically all other 
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organs and in the entire plant. Carbon varied little arnong the five 
plants analyzed. Sugar and starch content were quite generally 
higher in the normal plant. 


Table 1.— General residts of chemical analyses of normal and mosaic potato plants 


Part of plant and condition 

1 

1 Green 
j weight 

Dry 

• weight 

1 

Ash on 
dr 3 ' basis 

Carbon 
on dry 
basis 

Sugar 
on dry 
basis 

Starch 
on dry 
basis 

Leaves 

j Gra ms 

Grams 

Pe-^cent 

Percent 

Percent 

Percent 

Normal 

96 20 

14 33 

16 6 

38 1 

5 46 

6 14 

Shcht mosaic - --- 

59.64 

10 12 

16 S 

39. 1 

3 03 

4 13 

SeCere mosaic. - - 

..j 31 37 

5 42 

IS 7 

37 2 

3. 55 

3 71 

Stems 

j 



32 8 

7 30 


Normal 

..' 64.93 

6,00 

18 0 

3 10 

Slight mosaic 

Severe mosaic 

55 61 

6 50 

20 7 

32 3 

2 90 

2 40 

23 17 

2 70 

22 7 

31 8 

3 30 

2 80 

Tubers' 







Normal... .. 

..1 172 00 ! 

33 25 

4 6 

3S 8 

6 10 

66 20 

Slight mosaic 

Severe mosaic 

_.i 54 So 

9 00 

6 8 

38 2 

3 80 

53 50 

..j 35 50 

6 35 

5 0 

38.5 

6. 50 

50. 60 

Roots 

1 




0) 


Normal 

. . 1 6 50 

1 30 

21 2 

33 3 

(0 

Slight mosaic 

Severe mosaic - - 

...i 7 91 

1 67 

24. 2 

32 7 

(0 

(0 

..j 3 40 1 

59 

12 5 

37 8 

0) 

G) 

Plant (entire) 

1 i 






Normal 

329 60 

54 90 

9 6 

37 8 

6 10 

43 00 

flight mosaic 

..1 178 00 1 

27 30 

14 8 

36 8 

3 30 

21. 10 

Severe mosaic 

93.40! 

15 10 

13 4 

36.6 

4 70 

24 00 

Plant (exclusive of roots) 







Normal . . 

..! 323 10 

63 60 





Slight mosaic . 

--! 170 09 

25 63 





Severe mnsaie 

_ _ 1 90 00 

14 51 





1 1 






1 Too small to determine. 


Since the ash is made up largely of the elements absorbed by the 
roots, the relation of ash to root weight indicates the efficiency of the 
root. According to the data in table 2, the roots of the diseased plants 
were capable of absorbing about 75 percent as much per unit of weight 
as were healthy roots. 

Table 2 — Com paratire efficiency of roots of normal and mosaic potato plants 


Condition 

1 

Dry weight 
of roots 

Ash m plant 

Ash per gram 
of root, dry 
weight 

1 

Normal . , 1 

Grams 

1 30 
1.67 
59 

1 

Grams 

5 26 

4 06 j 
2.01 

Grams 

4 0 
2 4 
3.5 

Slight mosaic. 

Severe mosaic j 



The proportion of carbon was fairly constant both among organs 
of the same plant and in those of normal and diseased plants, though 
the actud amount of carbon was much lower in the diseased plants. 

The distribution of carbon among the organs paralleled more or 
less the distribution of dry weight (table 3). Mottling had a marked 
effect on the intake of carbon dioxide, though the degree of mottling 
appeared to be unimportant. The diseased plants accumulated about 
17 percent less carbon than did the normal plant for each 100 cm^ of 
leaf surface exposed each day (table 4), 
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Table 3. — Amount and distnhiition of carbon In relation to dry weight of normal 

and laomic potato plants 


Part of plant and condition 

Carbon 

Carbon on 
dry basis 

Carbon as 
percentage 
of total 
carbon 

Dry weight 
as percent- 
age of total 
dry weight 

Leaves 

Grams 

Percent 

Percent 

Percent 

Normal - 

5 46 

38 1 

26 

26 

Slight mosaic 

3.96 

39.1 

39 

37 

Severe mosaic 

2.02 

37.2 

36 

36 

Stems: 





Normal- - 

1 97 

32 8 

10 

11 

Slight mosaic 

2 10 

32.3 

21 

24 

Severe mosaic - - 

; .86 

i 31 8 

15 1 

18 

Tubers. 





Normal-- - : 

12 90 

! 38 S 

62 ! 

61 

Slight mosaic 

3,44 

1 38.2 

34 1 

33 

Severe mosaic - ... 

2 44 

1 38. 5 

45 i 

42 

Roots 



i 


Normal * 

.43 

1 33.3 

2 ^ 

2 

Slight mosaic. 

1 .55 

[ 32 7 : 

6 

6 

Severe mosaic . ... 

1 22 

37.8 , 

1 4 

4 

Plants (entire): 

1 

1 




Normal-- ' 

' 20 76 

37 8 1 



Shght mosaic. . . 

t 10. 05 

36.8 1 

! 


Severe mosaic. 

1 5 54 

36.6 

' 


I ' 


: 


Table 4 — Carbon in normal and mosaic potato plants in relation to leaf surface 

exposed per day 


j 

1 

Condition j 

1 

1 

1 

, 1 

Gro\\mg 1 
j period 

i 

1 Total 1 
carbon 

I ! 

1 Carbon i 
accumu- 
lated { 
per day j 

j 

Leaf surface 
exposed 
over grow- 
, mg period 

1 

1 Surface 
exposed 
per day 

Carbon 
accumulated 
per 100 ein2 
of leaf 
surface 
per day 

Normal 

Days 

40 

40 5 
37 

Grams 

20 76 
10 05 

5 54 

Gram ^ 
0.52 
25 i 
.15 : 

Square 
centtmetsTs 
55,561 
33,307 1 
17,656 1 
i 

Square 
centimeters 
1,389 
822 I 
475 

Milhgrams 

37 3 
30.4 
31.6 

Shght mosaic 

Severe mosaic 



The leaf areas in tables 4 and 7 differ from those in figure 1, for 
the latter includes the area of only the leaflets actually measured. 

^The presence or absence of the unmeasured t\\dn was carefully noted 
for later determination of total leaf areas. The method of obtaining 
the total and daily area exposed over a 3-day period shown in table 5 
was applied to the entme period of measurement and thereby the 
figures in table 4, columns 4 and 5, were obtained. 


Table 5. — Data indicating the 77iethod of calculating the total and daily leaf area 
exposed over a S-day period for normal and mosaic potato plants 


Condition 

Leaf area exposed on— 

Total area 
exposed 

Average 

daily 

area 

exposed 

Aug 8 

Aug. 9 

Aug. 10 

Normal - 

Square 
centimeters 
783.64 
435 28 
272. 26 

Square 
centimeters 
862.19 
462.03 ; 
288.53 1 

Siiuare 
centimeters 
920.36 
486. 20 
312.61 

Square 
centimeters 
2, 566. 19 
1, 383. 51 
873.40 

[ 

I Square 
centimeters 
855.40 
461. 17 
291. 13 
i 

Slight mosaic . _. 

Severe mosaic 
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In comparing the daily efficiency of the leaves no^ account 
taken of the fact that the length of day was less during the latter 
part of the experiment. Smce all plants were grown imder the 
same conditions of soil, moisture, temperature, ^ and light, these 
external factors have not been considered in this investigation. So 
far as the individual plants were concerned these factors were con- 
stant, only the health of the plants varied. 

The area of the severe mosaic leaves was actually greater than 
that recorded since it was impossible to follow the contortions of 
the WTinkled surface. Hence the severe mosaic leaves were less 
efficient than they are here pictured. 

Diseased plants fell far below the normal plant in the quantity 
of food manufactured. From table 6 it may be seen that not onl^^ 
the leaves but also the stems and tubers, and indeed the whole 
plant, when diseased, manufactirred and stored less starch and 
sugar, both in percentage and in weight. Here, again, the severity 
of the disease had little apparent effect on the proportion of sugar and 
starch in the plants. 


Table 6 . — Sugar and starch content and distribution in normal and mosaic potato 

plants 


Pdrt of plant and condition 

! 

1 

1 Sugar 

1 

Starch 

Sugar on 
dry basis 

Starch on 
dry basis 

Sugar as 
percentage 
of total 
sugar 

Starch as 
percentage 
of total 
starch 

Leaves 

Grams 

Grams 

1 Percent ' 

Percent 

Percent 

Percent 

Normal 

0 78 

0.S8 

5.46 

6 14 

24 0 

3 8 

Slight mosaic j 

31 

.42 

3 03 

4 13 

37 0 

7 7 

Severe mosaic i 

19 

20 

3. 55 

3 71 

27 5 

5 7 

Stems. , 







Normal 1 

1 .44 

.19 1 

7 30 

3 10 

13 5 

.8 

Slight mosaic ' 

.19 

16 ! 

2 90 

2 40 

22 6 

2 9 

Severe mosaic 

Tubers: I 

.09 1 

1 .08 , 

I i 

3 30 

2.80 

13.0 

2 3 

Normal 

2 03 

22 00 i 

6. 10 

66 20 

62.5 

95 4 

Slight mosaic j 

.34 

4 82 1 

3 SO 

53 50 

40 5 

89. 4 

Severe mosaic 1 

41 

3.20 

6 50 

50 60 

60 0 

92. 0 

Plant (entire; ; | 







Normal 

3 25 

23.07 

6. 10 

43 00 



Sbght mosaic 

84 

o 40 

3 30 

21 10 



Severe mosaic 

.69 

3 48 

4 80 

24.00 







4 


Table 7 bears dii’ectly on the efficiency of a unit of leaf surface 
in relation to the storage of starch. The daily starch production by 
equal areas of foliage is markedly reduced in the mosaic plants. 
Since the sugar in the leaves on the final day represented for the 
most part the result of that day^s photosynthesis, sugar content 
was determined on the basis of the final-day leaf exposure (table 8). 


Table 7. Daily starch production per unit area of leaf exposed in normal and 

mosaic potato plants 


1 

Condition | 

j 

1 

1 Total starch in— 

i ^ ^ 

Starch produced per day 

Starch produced per 100 cm® of leaf 
per day 

1 

Tuber 

Rest of 

1 plant 

Entire 

plant 

Tuber 

Rest of 
plant 

Entire 
plant 1 

i 

Tuber 

Rest of i 
plant 

Entire 

plant 

Grams 

Normal 22.00 

Slight mosaic— , 4.82 
Severe mosaic--' 3.20 

Grams 

1 07 
.58 
.28 

Grams ; 
23.07 1 
5.40 
3,48 

Gram 

0.55 

.12 

.09 

Gram 

0 03 
.02 
.005 

Oram ' 
0.58 i 
.14 : 
! .095 1 

Milligrams i 
39.6 
14 6 
18 9 ; 

1 

Mitligrams 
2. 1 

2 4 
1.1 

Milligrams 

41.7 

17.0 

20.0 
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Translocation, as well as actual manufactui’e, was slower and less 
complete in diseased plants. Figure 8 represents the percentage of 
the total starch and sugar content of the plant which remained in the 
tops at harvest. Mosaic-plant tubers received about 90 percent, 
whereas the normal tubers contained 95 percent. The diseased-plant 
tops retained an average of 51 percent of the total sugar of the plant 
as compared with only 37 percent retained by the normal tops. A 


0 


10 20 




NORMAL 

SLIGHT MOSAIC 

SEVERE MOSAIC 


A 



B 


Figure S.— Percentage of total starch and sugar (B) remaining in the tops of normal and mosaic potato 

plants at time of harvest 


smaller proportion of starch in tubers accompanied a larger propor- 
tion of sugar in the tops (table 9). The fact that, in the diseased 
plants sugar made up about 15 percent of the sugar-starch content, 
but in the normal plant only 12 percent, further indicated that trans- 
fer of jsugar and starch was interfered with by the disease. 

^Table 8.- — Sugar content of normal and mosaic -potato plants per unit of jinal-day 

leaf exposure 


Condition 

Total sugar m— 

Final-day 

j Sugar per 100 cm® of leaf exposed 

Leaves 

Rest of 
plant 

Entire ' 
plant 

leaf 

exposure 

! Leaves 

! 

Rest of 
plant 

Entire 

plant 

Normal - 

Slight mosaic 

Severe mosaic 

Gram 
0.78 
.31 ‘ 
.19 

Grams 

2.47 

.53 

.50 

Grams 

3.25 

.84 

.69 

Sq, cm 

3, 124 
1,983 
801 I 

Milligrams 

25 

16 

24 

Milligrams 
79 
26 ! 
61 

Milligrams 

104 

42 

85 


Table 9. — Sugar in leaves in relation to starch m tubers of normal and mosaic 

potato plants 


Condition 

Starch in 
tuber per 
gram of dry 
weight of 
leaves 

Sugar in 
leaves per 
gram of starch 
in tubers 

Normal 

Grams 

1.54 

.47 

.59 

Gram 

0 035 
.064 
.060 

Slight mosaic 

Severe mosaic 
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The carbon-analysis data of tables 1, 3, and 4 included the carbon 
of sugar and starch but did not include the small amount of carbon 
in the ash, about 10 percent. More detailed data on carbon are 
presented m table 10. The percentage of total carbon which includes 
the carbon of the ash was even less variable than that of carbon as 
originally determined. However, the carbon of cellulose, lignin, etc., 
was quite consistently lower in the normal plant and organs. The 
normal plant kept more carbon in cmculation in the form of sugar 
and available starch. The normal tubers showed a marked reduction 
in structui'al carbon. 


Table 10. — Carbon, including that in the ashy and carbon exclusive of that in the 
sugar and starch in normal and mosaic 'potato plants 


Part of plant and 
condition 

Carbon 
m ash 
( about 10 
percent) 

Carbon as 
computed 

Total carbon, 

2 and 3 

Carbon in 
sugar and 
starch 
(about 37 
percent) 

Carbon exclusive of 
that m sugar and 
starch, 5—7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Leaves: 

Gram 

Grams 

Percent 

Grams ! Percent 

Grams 

Grams 

Percent 

Normal 

J 0. 24 

5 46 

38 1 

5 70 

39 S 

0 61 

5.09 

35,5 

Slight mosaic 

.17 

3 96 

39 1 

4 13 

40 8 

27 

3 86 

38. 1 

Severe mosaic 

.10 

2 02 

37.2 

2 12 

39.1 

.14 

1.98 

36.5 

Stems. 





34.7 




Normal 

.11 

1 97 

32.8 

2.08 

.23 

1.85 

30 8 

Slight mosaic 

.14 

2.10 

32 2 

2 24 

34 5 

.13 

2 11 

32.4 

Severe mosaic 

.06 

.86 

31. S 

.92 

34. 1 

.06 

.86 

31.8 

Tubers: 









Normal 

-i 15 i 

12 90 

38 8 

13 05 

39 2 

8 89 ^ 

4 16 

12.2 

Slight mosaic-.. 

Severe mosaic 

06 1 

3 44 

38 2 

3 50 

38 9 

1.91 

1. 69 

17.7 

J 03 

2 44 

38 5 

2 47 

38 9 

1 34 

1. 13 

17.8 

Roots. 









Normal 

03 

.43 

33.3 1 

46 

35.4 

0 

.46 

35.4 

Slight mosaic 

.04 

1 .56 

32 7 1 

.59 

36.4 

0 

.59 

35.4 

Severe mosaic* 

.01 

! .22 

37. S 1 

.23 

39.0 

0 

.23 

39.0 

Plant (entire j. 









Normal 

53 

1 20 76 

37.8 

21.29 

38.8 

9.73 

11. 56 

21.1 

Slight mosiae 

,41 

1 10. 05 

36.8 

10.46 

! 38 3 

2 31 

8. 15 

29.8 

Severe mosiac 

.20 

1 5 54 

36 6 

5.74 

1 38 0 

1. 54 

4.20 

27.8 


Yields in the present study must be considered significant in spite 
of the small number of plants involved. Yields from diseased plants 
were lower not only because of the decrease in the size of the tops, 
but also because the diseased tops were only about half as efficient 
in producing tubem as were the normal tops (table 11). 


Table 11.- — Comparison of tuber iveight in normal and mosaic potato plants 


Condition 

Green 

weight 

Ratio of tu- 
bers to tops, 
in grains 

Normal 

Percent 
100. 0 

1.14*1 
. 48:1 

Slight mosaic 

68*. 1 
79. 4 

Severe mosaic 

. 65.1 





DISCUSSION 

From the data presented it is clear that mosaic exerted a consider- 
able influence on the growth of individual leaves and on the manner in 
which active growth proceeded. This was apparent both in total 
growth and in rapidity of growth. Some part of a normal plant was 
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always gro\ving rapidly, and this region of active growth moved up 
the stem from leaf to leaf as the new leaves emerged, but in diseased 
plants this region of rapid growth was less apparent at all times and 
the rapid area increase could not be followed continuously from leaf 
to leaf. The mosaic plants produced smaller, and in some cases 
more numerous leaves, but the total area of leaf surface was consist- 
ently less in the diseased plants. 

The mere fact, however, that in each case mosaic plants were pro- 
\uded vith a smaller working leaf area would have no bearing on the 
efficiency of the leaves themselves per unit of area. Indeed, smaller 
leaves might be considered an advantage since they shade each other 
less and so receive a greater total amount of light per plant. In the 
mosaic pattern formed by healthy foliage some leaves or parts of 
leaves are always in the shadow, especially the larger ones towards 
the base. The advantage of better and more light apparently did 
not offset the disadvantage of subnormal chloroplasts, for the starch 
and sugar content in diseased plants was far below that of a normal 
plant on a leaf-area imit basis. Even in the shghtly affected plants 
in wiiich the mosaic spots were not conspicuous the cliloroplasts were 
incapacitated to a considerable degree and did not function so well 
in fixing carbon (table!). The fact that the severely diseased plants 
seemed to fix more carbon per unit area than the shghtly diseased 
plants may be explained hy the inaccuracy of the measurements 
caused by the vuinkled surface. 

Functions in which chloroplasts are not involved seemed to be 
httle affected by the disease. The ash percentage in the diseased 
plants varied httle from that in the normal plant, indicating that 
roots are nearly normal despite mosaic on the above ground parts. 
These results seem to locate the detrimental effects of the disease 
in the leaves. 

SUMMAEY 

Daily measurements were made from July 25 to September 3 of 
ah leaflets on a normal potato plant, on plants shghtly affected vith 
mosaic, and on plants severely affected with mosaic. 

^ The mosaic plants tended to produce more leaves than the normal 
plant, but the leaf surface of the former was less than that of the 
latter, since the smaller number of leaves on the normal plant was 
more than offset by the greater size of the leaves. 

The mosaic plants lengthened more slowly than the normal plant, 
but gave the impression of greater height because of their spindhng 
growth as contrasted with the stocky growth of the normal plant. 

Green weight per unit area of leaves became smaller as the disease 
affected the plants more severely, but dry weight in mosaic plants 
was greater per imit area than in the normal plant. 

Growth in mosaic leaflets paralleled that in normal leaflets, but 
always at a slower rate. Mosaic leaflets did not show the marked 
early rapid growth of normal leaflets, and soon reached the limit of 
increase in area, so that eventually all the leaves were fairly uniform 
in size. Normal leaves, on the other hand, continued to grow steadily 
and maintained a variety of sizes. 

In both normal and mosaic plants tip leaflets grew more rapidly 
than side leaflets, and side leaflets nearest the tip grew more rapidly 
than those farther back on the leaf petiole. The growth of the 
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leaflets was always greater in than in length, and their rate of 

growth was inversely correlated with their size, the growth rate 
decreasing as the area of the leaflet increased. 

Chemical analysis of the same plants which had been measured 
for growth showed an ash content lower in normal than in mosaic 
plants, but this ash content, in proportion to the dry weight of the 
roots of normal and mosaic plants, showed only a slight reduction in 
the absorbing ability of the root system of plants affected by disease. 

The carbon content in grams seemed to be determined by the size 
of the plant and varied accordingly, but the carbon percentage of 
the dry weight varied little in normal and diseased plants. 

The special contribution of the entire work, both on growth and 
analysis, hes in the data which show that mosaic, either slight or 
severe, reduces the efficiency of a unit area of foliage exposed, as 
measured by the amount of carbon dioxide fixed in the body of the 
plant as carbon or stored in the aboveground part of the plant or in 
the tubers as starch. The point to be emphasized is that the carbon- 
fixation apparatus does not work so efficiently in mosaic-affected 
plants as it does in normal plants. 
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ORIGIN AND PRODUCTION OP MORPHOLOGIC AND 
PATHOGENIC STRAINS OP THE OAT SMUT PUNGI BY 
MUTATION AND HYBRIDIZATION^ 

By C. S. Holton 

Agent, Division of Cereal Crops and Diseases, Bweau of Plant Industry, United 
States Department of Agncultw e - 


INTRODUCTION 

The phenomenon of physiologic specialization in the oat-smut 
fungi, IJstilago avenae (Pers.) Jens, and U. levis (Kell, and Sw.) 
Magn., has received considerable attention during the last decade. 
In 1924 Reed (5)^ gave the first evidence that pathogenically different 
entities exist within these two species when he described two physi- 
ologic races each of U. avenae and ? 7 . levis. Further evidence of 
specialization in the oat smut fungi was presented by Sampson {10), 
who designated these specialized entities as biological species. 

Differences between forms of the oat smut fungi with regard to 
characteristics on artificial culture media have been demonstrated 
by Rodenhiser {9), who described 18 physiologic forms of Ustilago 
avenae and 5 of U, levis. In a second report Reed (6) presented 
further evidence of physiologic races in the oat smuts, and in 1929 (7) 
he described and classified 11 races of U, avenae and 5 of U, levis. 
More recently Reed and Stanton (8) reported the occurrence of a 
hitherto unknown specialized race of TJ, levis on Fulghum, an exten- 
sively grown red oat {Avena byzantina 0. Koch). It seems apparent, 
then, that the number of recognized races of oat smut fungi is increas- 
ing and that there is considerable economic significance in this 
fact {8), 

In view of the fact that these pathogenic strains ^ of Ustilago avenae 
and U. levis exist and that their number apparently is increasing, it 
would seem worth while to determine the nature of their origin. 

Considerable speculation has centered about the role of hybridiza- 
tion and mutation in this connection. In fact, there seemed to be 
little reason to doubt that new strains would arise as a result of hybrid- 
ization when it was reported by Hanna and Popp {1) and Holton {2) 
that crosses between monosporidial lines of Ustilago avenae and 
U. levis produced hybrid chlamydospores on the host. On the other 
hand, a very low degree of viability occurred in the Fi sporidia from 
chlamydospores of these species hybrids {2), and it appeared that this 
would weaken the probability of the origin of new forms by this 

1 Received for publication Sept. 12, 1936; issued March 1936. Cooperative investigations of the Divi- 
sion of Cereal Crops and Diseases, Bureau of Plant Industry, U. B. Department of Agriculture, and the 
Washington Agricultural Experiment Station. 

“ Sincere appreciation is expressed to Dr. F. D. Heald, head of the division of plant pathology, and Dr. 
H. F. Clements, associate professor of botany, State College of Washington, and to A. M. Schlehuber, of 
the Washington Agricultural Experiment Station, for critical reading of the manuscript. 

3 Reference is made by number (italic) to Literature Cited, p. 317. 

* Physiologically distinct entities within Ustilago avenae and XJ. levis have been designated variously as 
physiologic races, biological species, and physiologic forms. These terms may be interpreted as implying 
one or more diflferences in physiologic properties. The term “pathogenic strain" is used in this discussion 
because only the pathogenic properties have been considered, and it seems desirable to use a terra which 
has a definitely limited denotation. 
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means. As a matter of fact, after further studies, the writer (^, p. S2) 
stated that — 

in view of the high percentage of nonculturability of the hybrid sporidia the 
probability that this source of new physiologic forms of Ustilago avenae and 
U. levis will be a significant factor in the epiphytology of oat smuts seems very 
remote. 

This statement was based on the results of studies in which crosses 
between monosporidial lines from chlamydospores of species hybrids 
were used for inoculation studies. 

In view of the fact that only about 1 percent of the Fi sporidia of 
the species hybrids would grow in culture (^, 3), the tests were 
necessarily rather limited in scope. The results of more recent 
studies, however, in which the Fi chlamydospores were used, for 
inoculum instead of the crosses between Fi monosporidial lines, indi- 
cate rather conclusively that hybridization between species plays an 
important role in the development of new pathogenic strains of the 
oat smut fungi. Furthermore, by using Fi chlamydospores for inoc- 
ulum instead of crosses betvreen Fi monosporidial lines, a more com- 
prehensive understanding of the origin of the buff smut of oats (^, 8) 
and its relationship to Ustilago avejiae and U. levis has been brought 
about. 

MATERIAL AND METHODS 

A Gothland strain of Ustilago avenae^ Reed^s physiologic race I (7), 
a Monarch strain of U. levis, Reed^s physiologic race I (7), and a pure- 
hne strain of the buff smut fungus were used in these investigations. 
Specimens of Reed’s (7) physiologic races were supplied by the late 
J. A. Faris, who had obtained them from Dr. Reed. The varieties 
Gothland (C. I.^ 1898) and Monarch (C. I. 1896) were used as differ- 
ential host testers, and Anthony (C. I. 2143) was used for the sus- 
ceptible check to determine the viability of the inoculum under the 
conditions of the various tests. 

Four monosporidial lines were isolated from a germinating chlamy- 
dospore of each of the three strains to be tested {3). Intraspecific 
and interspecific crosses were obtained by inoculating Anthony oats 
with sexually compatible combinations of these monosporidial linea^ 
(5). Inasmuch as the Fi sporidia are so wealdy viable, the Fi chlamy- 
dospores produced by the specific crosses were used for the patho- 
genicity tests. The three varieties Anthony, Gothland, and Monarch 
were inoculated with the Fi chlamydospores, and selections were 
made of Ustilago levis and the buJBf smut fungus in the F 2 on Gothland 
and of Z7. avenae in the F 2 on Monarch. The pathogenic reactions of 
these selections and the pure-line parental strains were compared on 
the host testers. 

It should be stated here that the factors for echinulate spore walls 
and brownness of chlamydospores of oat smut fungi are dominant 
over factors for smooth spore walls and hyalineness (5, 4), Hence 
in Ustilago avenae X U. levis hybrids, smooth spore segregates are 
homozygous for that character. Also in 27. avenae X buff smut hy- 
brids, smooth hyaline chlamydospore segregates supposedly are 
homozygous for these characters. Therefore, 27. levis and buff smut 
segregates from Z7. avenae X 27. levis and 27, avenae X buff smut 

« C. L denotes accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 
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hybrids, respectively, are morphologically pure lines and may be 
obtained as early as in the F2 generation. 

Since the factors for echimilation and brownness are dominant, the 
F2 Ustilago avenae segregates may be either homozygous or heterozy- 
gous, and consequently three or more generations will be required for 
selection of a morphologically homozygous strain. Thus, in view 
of the writer's knowledge 
of the nature of the inheri- 
tance of chlamydospore 
characteristics, it is rela- 
tively simple to obtain mor- 
phologically homozygous 
strains of U. avenae, ZJ. levis, 
and the buff smut fungus 
from hybrids between these 
organisms. On the other 
hand, very little is known 
regarding the nature of the 
inheritance of factors for 
pathogenicity in the oat 
smut fungi and it cannot be 
assumed that a morpholog- 
ically homozygous strain 
selected from a hybrid be- 
tween two pathogenically 
different strains is patho- 
genically homozygous. 

However, by determining 
the pathogenicity of such 
a strain in the F3 genera- 
tion some indication as 
to its pathogenic potenti- 
alities can be gained. 

This method was used in 
these studies, and any 
F3 segregate with smooth 
spores that was obviously 
different from the parent 
lines in its pathogenic 
reaction was considered 
as a new pathogenic 
strain, even though it is recognized that there may be further segre- 
gation for pathogenicity in such a strain, 

RESULTS 

MUTATION 

In a previous paper on hybridization between Ustilago avenae and 
[ 7 . levis a new type of oat smut was described as resulting from a 
cross between two monosporidial lines which were derived from a 
species-hybrid chlamydospore. This new smut, which is caused by a 
fungus that has smooth hyaline chlamydospores, has been designated 
as the “buff smut of oats" because of the characteristic buff color of 
the diseased panicles. Inasmuch as it had appeared first in the F2 
generation of a U. avenae X U, levis hybrid, it was suggested in a 



absent. The nuclei are indicate by dots and circles. The 
plus and minus signs indicate sporidia of opposite sex. 
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later report {3) that perhaps the buff smut developed as a result of the 
loss of a factor or factors for color or that possibly it was the result of a 
difference in the factor or factors for color in TJ. avenae and U. lems. 
There are indications, however, that the buff smut fungus has a closer 
genetic relationship to U. levis than to U, avenae. Like TJ. levis it has 
smooth spores, and it crosses with this species more readily than with 
U. avenae. Even so, until now it had not been proved that the buff 
smut fungus arose directly from U. levis and not as a result of hybridi- 
zation between U. avenae and U. levis. 

The origin of the buff smut of oats has now been established with 
reasonable certainty and is indicated in table 1 and illustrated dia- 
grammatically in figure 1. Monosporidial lines were obtained by 
isolating the four primaxy sporidia from the promycelium of ger- 
minating chlamydospo^es of Ustilago avenae and U. levis ^ respectively. 
Pour seSed lines of each species and eight interspecific hybrids were 
produced by crossing the eight monosporidial lines in all sexually 
compatible combinations. The color characteristics of the chlamydo- 
spores of these selfed lines and species hybrids in the Fi and F 2 , are 
indicated in table 1. 

Table 1. — Color segreqation in the chlaniydospoies of selfed lines and hybrids of 
Ustilago avenae and u. levis, showing the ciosses and generation in which the buff 
smut appeared first 


[B = brown, SB =some brown, SH=some hyaline] 


Generation 

Selfed lines of— 

U arenae-lO X U. levis-ll 

U avenae-10 

U. lecis-ll 

1X21 

1X3 

2X4 

3X4 

1X2 

1X3 

2X4 

3X4 

1X2 

1X3 

2X1 

2X4 

3X1 

3X4 

4X2 

4X3 

Fi 

F 2 

B 

B 

B 

B 

B 

B 

B 

B 

B 

/SB 

tSH 

B 

SB 

SH 

B 

B 

B 

B 

B i 

B 

B 

B 

/SB 

ISH 

B 

B 

/SB 

ISH 

B 

B 

B 

B 

B 


1 The numbers refer to the position of the sporidia on the promycelium, beginninp: at the ape\. 


The four selfed lines of Ustilago avenae produced brown chlainydo- 
spores in the Fi and F 2 generations. In the four U. levis selfed lines, 
all the Fi chlamydospores were brown while in the F 2 generation 
brown and hyaline chlamydospores appeared in two of the lines. 
As sho\ra in table 1, sporidium no. 1 was a component of both the 
selfed lines that produced the hyaline chlamydospores in the Fo 
generation. In the 8 species hybrids, the Fi chlamydospores were 
brown, and in 6 of these hybrids the F 2 segregates were likewise 
brown. In the other 2 species hybrids, however, there was segrega- 
tion for brown and hyahne chlamydospores, and in both cases spo- 
ridium no.^ 1 of the U. levis parent was a component of the cross. 
On the basis of these results a diagram (fig. 1) was prepared to indicate 
the origin of the hyaline chlamydospores. 

In the TJstilago levis ^ parent, segregation for sex occurred in the 
second division of the diploid nucleus, and during this meiotic process 
the nucleus of the apical cell of the promycelium lost its faculty for 
producing color. It has already been reported (S, 4), as indicated in 
table 1, that brown color is dominant over hyalineness. Conse- 
quently all the Fi chlamydospores of crosses with the monosporidial 
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line that originated from the apical cell of the promycelium of U. 
levis were brown in color. When these F i chlamy dospores germinated 
there was independent segregation for sex and color, or lack of color, 
and sporidia of opposite sex minus factors for brown color were pro- 
duced, as indicated in figure 1 , and in the F 2 generation the buff 
smut with hyaline chlamydospores appeared. Therefore, it seems 
rather probable that the factor or factors for color in the buff smut 
fungus originated through the process of mutation in U, levis and 
that its ultimate appearance was due to independent segregation of 
factors for sex and color which made possible a recombination of 
factors for hyalineness. 

HYBRIDIZATION 

The results of tests to compare the pathogenicity of pure lines, 
hybrids, and hybrid segregates of Ustilago levis, U. avenae, and the 
buff smut organisms are summarized in table 2 . The U. levis strain 
produced 99 percent smut on Monarch and 0 percent on Gothland, 
while the Z7. avenae strain produced 0 percent smut on Monarch and 
100 pei’cent on Gothland. The buff smut strain produced 55 percent 
smut on Monarch and 0 percent on Gothland, indicating that it is 
somewhat less virulent on Monarch than the U. levis strain. These 
figures show rather definitely that the pathogenic properties of the 
U, avenae strain are distinctly different from those of the U, levis 
and buff smut strains, and for this reason these strains were con- 
sidered as suitable material to use in hybridization studies. 


Table 2. — Percentages of smutted panicles produced on oat varieties hy pure lines, 
hybrids, and hyhid segregates of Ustilago levis, U, avenae, and the huff smut 
fungus ^ 




Percentage of panicles smutted bj 

- 


Variety of oats 




U. levis X U. avenae 

1 

U. avenae X buff 
smut 


U. fens 

U, avenae 

Buff 

smut 

Fa 

Fa U. levis 
segregate 
Fa 

Fa 

Fa buff 
segregate 
Fa 

Gothland. 

0.0 1 

100,0 

0.0 

; 22.0 

92.0 

3,0 

100.0 

Monarch 

99.0 

.0 

55.0 

21.0 

45,0 

6.0 

22.0 




1 The low percentages of smut produced in the P3 of the U levis X V, avenae and U. avenae X buff smut 
hybrids is no doubt explainable on the basis of a low degree of viability of Fa sporidia and the production 
of individuals, through segregation and recombination of factors for pathogenicity, that were not patho- 
genic on these 2 varieties. 

As indicated in table 2 , the Ustilago levis X U. avenae hybrid pro- 
duced 22 and 21 percent smut on Gothland and Monarch, respectively, 
in the F 2 generation, and on each variety both U, avenae and U. lens 
types were found. From the F 2 generation on Gothland a pure strain 
of ?7. levis was selected that produced, in the F 3 generation, 92 percent 
smut on the same variety and 45 percent on Monarch. These figures 
are in contrast to 0 and 99 percent of smut produced on Gothland 
and Monarch, respectively, by the U, levis parent and 100 and 0 per- 
cent produced on Gothland and Monarch, respectively, by the 27. 
avenae parent. It is evident, therefore, that by crossing avenae 
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and [ 7 . levis a synthetic strain of U. levis has been produced which is 
more widely vhmlent than either parent, and that its production was 
brought about by segregation and recombination of factors for path- 
ogenicity present in the parental lines. 

Eeferring again to table 2, it can be seen that in the F2 generation 
the Ustilago avenae X buff smut hybrid produced 3 percent of smut 
on Gothland and 6 percent on Monarch, segregates of both types 
appearing. It was notable that some of the Gothland plants were 
smutted with the buff smut, whereas this variety was immune from 
the parent strain of the buff smut. This buff smut segregate from 
Gothland produced, in the succeeding generation, 100 percent of smut 
on Gothland as compared with 0 percent of smut produced on the 
same variety by its buff smut parent. On Monarch the new buff* 
smut strain produced 22 percent of smut as compared with 0 and 55 
percent produced on the same variety by the U. avenae and buff smut 
parents, respectively. Thus, apparently the new buff smut strain is 
decidedly more virulent on Gothland but somewhat less virulent on 
Monarch than the parental buff smut strain. Furthermore, it is 
equally as virulent on Gothland and significantly more vhulent on 
Monarch than its f 7 . avenae parent. It appears, therefore, to have 
pathogenic properties not possessed by either parent and apparently 
is a new strain of the buff smut fungus that has arisen through segre- 
gation and recombination of factors for pathogenicity in a hybrid 
between a strain of U, avenae and a strain of the buff smut fungus. 

SUMMARY AND CONCLUSIONS 

A new type of oat smut, described and designated in previous 
reports {2, S) as ^^buff smut^', has been found to be the result of 
mutation in Ustilago levis. The buff’ smut fungus has hyaline chlam- 
ydospores, but in all other morphological characteristics it resembles 
U . levis. Consequently, the change that occurred apparently involved 
only the factor that determines color in the chlamydospores. Evi- 
dence is presented which indicates rather definitely that the change 
in the color factor occurred during meiosis in a germinating chlamy- 
dospore, with the result that 1 of the 4 haploid nuclei lost the factor 
for brownness. This nucleus became located in the apical cell of the" 
promycelium, and all crosses with the monosporidial line derived from 
this ceU gave rise to heterozygous brown chlamydospores in the Fi 
generation and the hyaline buff smut spores were segregated in the 
Pg. Because factors for brown are dominant over factors for hyaline- 
ness, all the Pi chlamydospores were brown, and the appearance of 
the hyaline chlamydospores in the F2 is explained on the basis of 
independent segregation of factors for sex and color of chlamydospores . 

A new pathogenic strain of Ustilago levis that attacks Gothland ^and 
Monarch was produced by crossing a Gothland strain of [7. avenae 
with a Monarch strain of U. levis. The synthetic strain of U. levis 
was selected m the Fa generation from Gothland, and it infected both 
vaneties m the F3, being almost as virulent on Gothland as the TJ. 
avenae parent but somewhat less virulent on Monarch than the U. 

parent. Also, a new pathogenic strain of the buff smut fungus 
mat attacks Gothland and Monarch was produced by crossing the 
GotWand stram of U. avenae with the Monarch buff smut strain which 
would not attack Gothland. The synthetic strain of the buff smut 
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fungus was selected from Gothland in the F 2 generation, and in the 
F 3 it was equally as virulent on Gothland as the U. avenae parent 
but somewhat less virulent on Monarch than the bulf smut parent. 
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SOME STORAGE DISEASES OF GRAPEFRUIT ‘ 

By Charles Brooks, ’principal pathologist, and Lacy P. McColloch, principal 

scientific aid, Division of Fruit and Vegetable Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The storage life of grapefruit {Citrus grandis (L.) Osbeck) is greatly 
limited because of the development of (hseases that produce blemishes 
in the peel. The present pubhcation reports a study of certain of 
these diseases under various storage conditions. 

DESCRIPTION OP DISEASES 

PITTING 

Pitting, or “pox”, the most serious of the storage diseases of grape- 
fruit, has received major consideration in all previous reports. As the 
term “pitting” implies, the outstanding characteristic of the disease 
is the development of pits or depressions in the rind of the fruit. In 
the present paper, pitting is divided into two classes, the definite and 
the mild. 

The term “definite” is used to refer to pits that are 0.2 inch or 
more in diameter and that are depressed to a fairly uniform depth of 
about one-thirty-second of an inch (figs. 1 and 2, A). ^ The oil glands 
are usually depressed to the level of the rest of the pitted tissue and 
sometimes show slightly greater depression. They are rarely elevated 
above the rest of the depressed area. The pits are seldom normal 
in color. Occasionally they appear bleached or faded but usually 
they are darker than the healthy peel, ranging in color from yellow 
ocher to ochraceous tawny or tawny They tend to darken with 
age, yet color can hardly be considered a good index of age. 

The term “mild” is used to refer to pitting that is less pronounced 
• than that described above. The pits are usually less than 0.2 inch 
in diameter and may be relatively shallow although they are often 
as deep as the definite pits (fig. 2, B). They may occur individually 
or in groups. They sometimes form a zone of small pits around the 
definite pits (fig. 3) and they may enlarge or coalesce to form definite 
pits (fig. 4, A)j but they sjfiould not be regarded merely as a stage 
in the development of the larger pits. The definite pits usually make 
their appearance without passing through the mild stage and the 
storage conditions that are favorable to one type of pitting are not 
always favorable to the other. 

OLBOCELLOSIS 

Oleocellosis of grapefruit differs from pitting in that the oil glands 
stand out in relief above the collapsed tissue and that the affected 

1 Received for publication June 14, 1936; issued April, 1936. 

3 Ridgway, R. color standards and color NOMENCLATURE. 43 pp., illus. Washington, D. C. 
1912. 
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Figure 2.— X, Definite pitting of mpefruit at end of 6 weeks’ storage at 40® F. beginning February 12, 
L 1934; J3, mild pitting of grapeftuit at end of 9 weeks' storage, In glycerin wraps, at 32® P, beginning 
February 12, 1^, 
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Figure 3 —Mild pitting of grapefruit {A), forming a zone around definite pitting at end of 6 weeks ’ storage 
at 30° F, beginning March 10, 1034, and (B), forming groups around definite pitting, at end of 9 weeks ^ 
storage at 36° F. beginning February 12, 1934. 
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PiGURs 4,-~A, Mild pitting of grapefruit, ooalesGiug into definite pitting at end of 11 w'eeks’ storage at 32° F. 
beginning May 7, 1934; B, oleoc^osis of mpefrait, produced by applying expressed juice from grapefruit 
peel, followed by 4 weeks’ storage at 32° F. 
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areas are usually but slightly depressed (fig. 4, Its appearance 
is similar to that of oleocellosis on oranges and lemons (4)-^ As 
mentioned later, its occurrence is probably initiated by the presence 
of oil on the surface of the fruit, yet its development may be in- 
fluenced by storage conditions. Oleocellosis that appears to be due 
to packing injuries is sometimes referred to as '^box scald or ^'box 
rub.’' 

SCALD 

In addition to pitting, brown stain has been mentioned as a cold- 
storage disease of grapefruit by Ramsey (12) and scald has been 
reported by Rriend and Bach (J). It would seem probable that the 
two terms refer to the same disease. In the present publication the 
term scald” is used in reference to a superficial and fairly uniform 
browning covering relatively large areas of the peel (pi. 1, A). The 
disease stands out in marked contrast to all forms of pitting, as the 
affected areas are not depressed. In mild and typical cases the surface 
of the peel is firm but in severe cases it may become spongy and soft, 
suggesting an early stage of watery break-down, which is described 
later. The color of the scald areas ranges all the wa 3 r from that of the 
normal peel to a honey yellow or cinnamon buff. It is seldom as dark 
as is often found in the case of definite pits. 

BROWNING OF THE OIL GLANDS 

Another type of browning frequently observed is confined entirely 
to the oil glands. It is reterred to in the present report as browning of 
the oil glands. Many glands in close proximity are affected, giving 
somewhat the effect of a mass discoloration, yet the tissue surrounding 
the oil glands usually remains normal in appearance (fig. 5). The 
color of the spots may range through various shades of brown, as 
described for scald. 

WATERY BREAK-DOWN 

Watery break-down is a low-temperature disease that has been of 
rather common occurrence on fruit picked late in the season. The 
fruit becomes soft, spongy, and water-soaked, giving the appearance 
of having been frozen (pL^ 1, B). The diseased condition may be^ 
particularly evident either in the peel or in the flesh of the fruit, but 
more often it is found in both. A study of a cross section of a grape- 
fruit shows a general breaking down of the tissue. ^ The carpSs are 
loosely attached to the inner peel, and when a section of the peel is 
pressed a watery substance oozes freely from the albedo tissue. Tissue 
that has collapsed as a result of pits may be swollen so that the once 
pitted areas are no longer depressed. Affected fruits that are held for 
a short time at room temperature after removal from storage develop 
a disagreeable odor of fermentation. 

ORGANISMS FOUND IN PITTED GRAPEFRUIT 

In the spring of 1932 L. F. Butler, then associate pathologist, 
Division of Fruit and Vegetable Crops and Diseases, United States 
Department of Agriculture, began a study of the microorganisms 
found in the pittmg lesions of grapefruit. Among a considerable 
number of organisms isolated, certain bacteria were found which 
appeared to be pathogenic. When these bacteria were forced into the 

* Reference Is made by number (italic) to Literature Cited, p, 851. 
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peel by means of a hypodermic needle typical pits were produced and 
the organism could be recovered, whereas injections with sterile solu- 
tions failed to produce pits. Following Butler’s resignation in June 
1932 the further study of the problem was left with the present writers. 

Butler found it difficult to obtain any oi'ganism from the pitted 
grapefruit tissue when it was transferred direct to agar, and adopted 
the method of first placing the tissue in sterile tap water and later 
transferring drops of the liquid to agar. Tliis method was followed 
in the isolations reported herein; however, beef broth was often sub- 
stituted for the sterile water. The usual method of making isolations 
was to remove the peel and transfer small pieces from the inner sur- 
face of the affected tissue dii*ect to the liquid medium. The transfer 
from the liquid to the solid medium was made as soon as there was 
evidence of turbidity. 

Transfer from normal-appearing albedo tissue (the white spongy 
portion of the peel) beneath the pits usually remained sterile, whereas 
transfers that included discolored tissue from the inner smface of the 
pits gave cultures of bacteria in 67 percent of 360 tests. No single 
organism predominated, but six or more were isolated repeatedly. 

Bacteria were sometimes obtained from the tissue adjacent to the 
oil glands in normal peel. 

The liquid cultures were held for several days after the transfer to 
solid media had been made, and were then examined for fungus as 
well as bacterial growth. Mycelium was seldom obtained and when 
present the fungus was usually found to be a species of FenicilJiuni, 
although cultures of Colletoirichum, Di'plodia, and Pho7nopds were 
occasionally obtained (Florida grapefruit). 

Alicroscopic studies were made of the pits in grapefruit that devel- 
oped without inoculation and of those resulting from inoculations 
with organisms isolated from pitted tissue. Bacteria w^cre present 
ill large masses in the inoculated material, both in and around the 
oil glands (fig. 6). In the pits that had developed without inoculation 
bacteria were occasionally found but never in numbers that won hi 
support the conclusion they were the sole cause of the disease. 

BACTERIA ISOLATED 

In the separation and grouping of the various bacteria that hav(^ ^ 
been isolated from pitted tissue considerable attention has lieen given 
to their gi'owth characteristics. It will probably bo sufheient in tJiis 
connection to report some of the characteristics of the sptades or 
strain that has proved most virulent, originally isolated by Butler, 
and carried in culture as no. 38. 

Culture No. 38 

Characters — Motile by 2 to 5 peritrictious flagella; 0.84/^ by 1.2m to 2.5m; 
capsules (72 hours) ; Gram-negative; colonies on agar smooth, giistening, yellow 
hi center with gray margins; gelatin liquefied, napiform; in nutrient broth cloud- 
ing medium, odor definite, pellicle enlarging with age and falling to bottom; 
nitrates reduced to nitrites, no gas; litmus milk slightly acidified, casein precipi- 
tated with extrusion of whey. 

This description definitely separates the organism from Bacteriwm 
citriputeale C. O. Smith (IS), the cause of black pit of lemons in 
California, and from Pseudomonas citri Hasse (6), the cause of citrus 
canker, but it leaves some question as to its relation to Bacillus citric 
maculans Doidge, the cause of a spotting of citrus in South Africa {S). 
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The present organism is similar to B. citrimaculans in most respects 
but differs from it in the number of flagella and in the reaction to 
nitrates and to Gram’s stain. The \mters have not had the oppor- 
tunity of comparing the two organisms m culture. 

The organism (no. 38) has varied in size with growth conditions. 
It grew well on potato-yeast agar, and on a 24-hour culture of this 
medium it averaged 0 Sdju by 2.0/i (fig. 7). Wlien examined in 
grapefruit S days after inoculation it averaged 0.8^ by l.Oju. After 
1 or more week’s growth in sterilized soil or sterihzed tap water its 



Figure 6.— Buctoria in Rnipofruit tissues after Inoculation with organism no. 38 and storage at 40“ F. for 

13 weeks. X 1,440. 

size was greatly reduced, but upon transfer to a more favorable me- 
dium it regained its former size. 

The optimum temperature for the growth of the organism was 
between 75"" and 80° F., and at temperatures of 32° and 40° the growth 
was extremely slow. Tliis temperature response is not in harmony 
with the temperature conditions under wliich pitting and other 
blemishes of gi*apefruit arc most prevalent (p, 324). 

The organism has the power of brealdng down lemon oil and oil 
obtained by steam distillation of grapefruit peel. Wlien a layer of 
either of these oils was floated on top of a beef-broth culture at room 
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temperature it soon began to darken and finally broke down into 
hardened brown particles, whereas a similar layer of oil on uninocu- 
lated broth retained its normal character and appearance. Experi- 
ments were made in which the oil-destroying activity of culture no. 38 
was compared with that of 20 other cultures, representing the complete 
range of bacterial organisms that had been isolated from grapefruit 
peel. In all cases a correlation was found between the oil-destroying 
and pit-producing powers. It has been pointed out previously (p, 326) 



Figure 7.— Bacteria (culture no. 38) from a 24-hour culture on potuto-yoast agar. X 3, 4*10. 

that bacteria were found in abundance both in and around the oil 
glands in pits that had been produced by inoculation. 

The presence of bacteria, both in and around the oil glands, and the 
close correlation between their ability to produce pits and their power 
of breaking down oil suggests the possibility that the harmful effects 
of the bacteria may be due to their action upon the oil glands. Bates 
(1) has recently called attention to the fact that the oil glands of 
citrus furnish an avenue of infection for decay organisms. 

Inocula-tions 

Inoculations with pure cultures of the bacteria isolated were made 
by means of a h5rpoderinic needle. About 0.5 cc of liquid was used 
m each case. The needle was inserted tangentially and so that the 
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fluid would be released near the surface of the peel. The inoculum 
consisted of a heavy suspension of bacteria prepared in sterile water. 
Control injections with sterile water were made at the same time. 

After the fruit had been held for a week to 10 days at 60 or 70*^ F. 
or for 5 to 7 weeks at 40°, brown spots 0.5 to 0.8 inch in diameter 
began to appear at the points where certain bacteiia had been 
released (fig. 8). The spots gradually became darker and more sunken. 
Isolations made from these spots or pits soon after their appearance 
usually resulted in pure cultures of the original organism, but when 
isolations were delayed other bacteria were also obtained. 

Bacteria from at least 20 different original isolations gave positive 
results when injected into the peel, but in spite of considerable varia- 
tion in virulence and in growth the bacteria from these 20 cultures 
could probably be grouped under 2 or 3 species. No other organism 



Figure 8,~Plt on grapefruit, produeod by inoculation with bacteria (culture no. 38), after 7 weeks’ stora.OEo 

at 40® F. 

has given as strong positive results as that originally isolated by 
Butler and carried in culture as no. 38. 

Injections with sterile water produced no injury when the fruit 
was held at 70° F., nor at 60°, but in later experiments part of the 
fruit was held at 40°, and it was found that after 5 to 7 weeks at this 
temperature definite pitting resulted from the sterile Injections in 
about 50 percent of the tests as compared with 100 percent in sixnilar 
injections that carried bacterial inoculum. ^ Bacteria were isolated 
from some of the pits resulting from sterile injections, but in no case 
did they prove pathogenic when inoculated into the fruit. 

Attempts were made to secure invasion by the isolated bacteria 
without wounding the peel. Grapefruits were immersed in bacterial 
suspensions and placed under a partial vacuum, with the idea that 
the return to normal pressure might force some of the bacteria into 
the peel. Other lots were heated to 100° F. for 1 day or desiccated 
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for several days and then bathed with bacterial suspensions. None 
of these treatments caused any increase in pitting. 

In experiments reported later (p. 334), in wliicli fruit was obtained 
direct from the trees, about a tablespoonful of soil from beneath the 
trees was placed inside each wrapper as the fruit was being packed. 
After 10 weeks’ storage at 32"^ F. the fruit packed in this manner was 
found to have several times as much pitting as control fruit packed 
without the soil. The results led to the use of soil that had been 
sterilized and then inoculated with the bacteria isolated from grape- 
fruit. The soil was examined before using and was known to have 
an abundant growth of bacteria. After several weeks in storage 
the soil-coated fruit had far more pitting than fruit packed in the 
usual manner. But it was found that when sterile soil was used the 
increase in pitting was fully as great as with the inoculated soil. 
The results of these experiments will be discussed further under the 
heading Humidity and Desiccation (p. 336.) 

Significance 

The presence of bacteria in a considerable percentage of the pitted 
tissue and the fact that pits were produced by inoculation with the 
isolated organisms and the bacteria recovered might be taken as con- 
clusive proof that the disease is of bacterial origin, but there are 
points in opposition to this simple explanation. Bacteria were found 
in abundance in pits that were produced by inoculation, but were 
difficult to locate, if present at all, in pits that developed without 
inoculation. Although bacteria were obtained in 67 percent of the 
isolations, less than 10 percent of the cultures were found capable of 
producing typical pits. At temperatures at which the disease usually 
occurs pits resulted from sterile as well as from bacterial injections. 

Temperature studies showed that the growth rate of the bacteria 
was extremely slow at 32® to 40® F. and gradually increased up to 75® 
or 80®, whereas, in studies that foUow, it is shown that pitting is woist 
at 32® to 40® and is almost entirely prevented by holding the fruit at 
a temperature of 50® or higher. 

In view of these facts and others that arc developed later showing 
the sensitiveness of the gi'apefruit peel to desiccation and to various 
types of injury, it seems necessary to conclude that while bacteria 
may sometimes serve as a contributing and modifying factor in the 
development of pitting, they cannot be considered the fundamental 
cause of the disease. 

The following storage exT^eriments point out some of the factors 
involved in the development of pitting and other grapefruit diseases. 

STORAGE EXPERIMENTS 

MATERIAL AND METHODS 

The origin and the packing-house treatment of the fruit used in the 
various storage experiments are shown in table 1. The different lots 
will be referred to later by number. 
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Table 1. — Description of the different lots of grapefruit used in experimental storage 


Lot 

no 

Size' 

Date of 
experi- 
ment 

Origin 

Where pur- 
chased 2 

Packing-house 

treatment 

Notes 



1931 





lA 

64 

Oct. 27 


Orlando, Fla 







after shipment to 







Washington, D. C., 







by ordinary express. 

IB 

64 

Nov 27 

do 

do 

do - 

Do. 

1C 

64 

Dec. 30 


do 


Do 

1932 





LX) 

64 



do 

do 

Do. 

IE 

64 

Feb. 10 

do 

do 

do 

Do 

IF 

64 

Feb. 26 

do 

do 

do 

Do 


64 

Apr. 13 

_ , do 

do 

do 






before shipment to 







Washington, D C., 







by ordinary express. 

3 

64 

Apr 16 

do - 

do 

do 

Do. 


70 

Oct 19 


Washington, 

Unknown - 






D.C. 



■'i 

SO 

Nov. 9 

Vero Beach, Fla.. 

do 

do 


6 

80 



do 

do 



80 


do 

do. 

do 




1933 






80 



do 

do 


OA 

64 

Feb. 11 

Brooksville, Fla.. 

Brooksville, Fla.. 

None 

Experiments started 







after shipment to 







Washington, D.C, 







by ordinary express. 

9B 

64 

-.-do 

--do 

do 

Colored and waxed, 

Do. 

10 

80 

Mar. 9 

Palmetto, Fla — 

Washington, 

Waxed and prob- 






D C. 

ably colored. 


11 

80 

Alar 10 

Vero Beach, Fla.. 

do 

Unknown 


12 

80 

Alar 31 

_ . do 

do 

do 


la 

80 

Apr. 11 

Auburndale, Fla. 

do. 

Waxed and prob- 







ably colored. 


14 

70 

Apr 14 

Orlando, Fla.. 

do 

None 

Hauled m bulk by 





truck from Orlando 







to Washington, D.C. 

15 

64 

Apr 21 

Largo, Fla 

do 

Unknown 


16 

70 

Apr. 28 

Orlando, Fla 

do 

None - 

Do. 

17 

70 

Alay 5 

Lake Wales, Fla.. 

do 

Waxed and prob- 





ably colored. 


18 

64 

Nov. 16 

Brooksville, Fla., 

Brooksville, Fla.. 

Colored but not 

Experiment started 






waxed. 

after shipment to 







Washington, D. C , 







by ordinary express. 

19 

64 

Nov. 27 

do. - 

do 

do 

Do. 

20 

64 

Doc. 19 

do., . 

do - 

do 

Do. 



1934 





21 

70 

Fob. 12 

Vero Beach, Fht-. 

Vero Beach, Fla.. 

do - 

Do. 

22 

64 

Mar. 10 

Orlando, Fla 

Orlando, Fla 

do 

Do. 

23 

64 

Apr. 19 

do. 

do.,-- 

None. 

Do. 

24 

64 

Apr. 30 

do 

do - 

do 

Do. 

25 

70 

May 7 

-.--.do 

do 

do 

Do. 








1 Number of grapefruits per box. 

2 The writers are indebted to John R. Winston for cooperation in seeuring the grapefruit purchased in 
Florida. 
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Small lots of fruit were used, but great care was taken to have the 
different lots uniform. Individual notes were taken on each fruit, 
and the degree of scald and pitting was recorded on the basis of actual 
area affected. These individual records were combined and converted 
into percentages of the total fruit areas. Notes were usually taken 
at intervals of 2 to 5 weeks, and a number of the lots were held at 
outside temperature for 1 week after storage before the final note- 
taking. Unless otherwise stated, the results reported are based on 
the condition of the fruit while in storage or at the tijne of removal 
from storage. 

FACTORS AFFECTING STORAGE DISEASES 
Temperature 

Pitting has been generally recognized as a low-temperature disease, 
and storage at 45"^ F. or liigher has been recommended as a means of 
control (I, 6, 8, 0, 12), Friend and Bach (5) found that scald is 
similarly aft'ected by low temperature. The results of the present 
studies are in harmony with these conclusions. The development of 
pitting at different storage temperatures is shown in table 2. 


Table 2. — Effect of storage temperature ^ on pitting of grapefruit 



.£3 

2 p 

'O 






Peel showing- 

- 






Lot no. 

C3 O 

^ '43 

p< 

Definite pitting at indicated temperature 

Ivlild pitting at indicated temperature 



















•p 8 

















e 

o 

30 

32 

34 

36 

40 

SO 

60 

30 

32 

34 

36 

40 

50 

60 



03 
















m. 

Weeks 

Pet. 

Pet 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet 

Pet. 

Pet. 

Pet. 

Pet 

Pet. 

4 

10 

7 





1.59 

0. 05 






1. 10 

0.01 


5 

8 

10 





.25 

0 






.46 

.01 


9B 

8 

8 


0,31 


4 00 

2 80 




1 60 


0 34 

1.00 


11 

8 

14 


1.90 


10.70 

9.00 


0 09 


.45 


1. 40 

3.20 


0 

13-., 

8 

13 


07 




0 

0 


0 




.01 

.02 

14 

8 

10 


1.30 



. 74 

.50 



1, 20 



0 

0 


15 

9 

13 


.58 


1.40 


.01 



.09 


.34 


0 


16 

8 

12i 


88 


3.60 


.28 



.41) 


. 17 


0 


17 

9 

10 


.40 


3.80 


.06 



. 13 


.30 


0 


18 

24 

8 


.005 



067 

,028 



44 



.058 

.042 


19.. 

16 

15 


.18 


.71 


.09 



.41 


‘7 10 


0 


20 

24 

13 


.30 


.50 

i'oo' 

0 



.30 


. 13 

56 

0 


21 

16 

8 


.04 


2 00 

1 4,5 

.031 



03 


.98 

56 

0 


22 

16 

9 


,49 

0.67 

. 66 

1. 50 

.51 



1.60 

1, 10 

. 30 

l.tX) 

. 26 


23 

14 i 

8 

0 06 

.02 

.95 

10 


0 


0*08 

.01 

. 19 

.01 

0 


24 

24 i 

10 


.23 

: 54 

. 25 


0 



.39 

.43 

. 10 


.02 


25 

24 

10 

0 

.00 

3.70 

3. 10 

L 90 

0 


Vooa 

1 1.80 

. 65 

.72 


. 003 



» All lots with the exception of those at 34® F. were held at a relative humidity of 86 to DO percent. The 34® 
lots were held in commercial storage. 


After 8 or more weeks in storage there was more definite pitting 
at 36° F. than at 32° in all of the 12 cases in which these two tempera- 
tures were compared, and the average pitting was more than six 
times as great at the higher temperature (table 2). In a number of 
the experiments (lots 11, 15, 16, and 17) sufEciently frequent notes were 
taken to follow the gradud progress of pit development at the two 
temperatures. The results are shown in figure 9. It will be seen 
that the above proportion was well maintained throughout the storage 
period. 

In contrast with the foregoing results there was more mild pitting 
at 32° F. than at 36° in 7 of the 12 tests reported in table 2, and an 
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average in the 12 tests shows nearly twice as much of this type of 
pitting at the lower temperature. 

When fruit was hold at an outside temperature of about 70'^ F. 
for 1 week after removal from storage, it was found that there was 
much greater increase in both forms of pitting on the fruit from 32° 
storage than on that from 36°. The average for 6 different lots (nos. 
19, 21, 22, 23, 24, and 25) showed about twice as much definite pitting 
on the fruit from 36° storage as on that from 32° and nearly three 
times as much mild 


pitting on the fruit 
from 32° storage as on 
that from 36°. The 
final contrast was thus 
largely in type of pit- 
ting with little differ- 
ence in area of peel 
affected. The appar- 
ently better results at 
32° seem to have been 
due largely to a great- 
er delay in the expres- 
sion of a condition 
rather than to a differ- 
ence in area of peel 
affected. 

The data of table 2 
do not justify the con- 
clusion that there was 
much difference be- 
tween the pitting at 
40° F. and that at 36°, 
nor between the pit- 
ting at 30° and that 
at 32°. The pitting 
at 34° was somewhat 
■greater than that at 
/36°, but the 34° lots 
were in commercial 
storage and the condi- 
tion of the fruit upon 



removal indicated the period in storage CweeksD 


probability that the 
humidity had been 
lower than with the 


Figure O.—Development of definite pitting on grapefruit held in 
storage at 32® F., compared with that on grapefruit held m stor- 
age at 36®. 


other lots. Upon removal from storage the increase in pitting on the 
fruit from 34° and 40° was similar to that on the fruit from 36°, and 
the increase at 30° similar to that at 32°. 

The big contrast, and the significant one that is shown by table 2, 
is the low percentage of pitting at 50° and 60° F., as compared with 
that at the lower temperatures. This contrast became still greater 
after removal from storage. Whereas the percentage of pitting on 
the fruit from 36° and 40° storage often doubled and that on the iruit 
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from 32*^ storage often quadrupled within a week, the fruit from 50° 
and 60° storage showed little or no increase, remaining practically 
free from all forms of pitting. It has been previously pointed out (p. 
329) that injections with sterile water which sometimes caused injury 
at 40° failed to produce injury at 60° and 70°. 

In the later experiments (lots 19 to 25, inclusive) a definite record 
on oleocellosis was kept. Oleocellosis was of very erratic and rather 
rare occurrence, and its prevalence apparently was greatly influenced 
by mechanical injuiy and packing conditions; but it should be noted 
that there was occasional occurrence at temperatures of 32° to 40° F., 
whereas the fruit at 50° remained practically free from the disease. 

In the seven experiments with the 1933-34 crop careful records 
were kept on the browning of the oil glands, scald, and watery break- 
down. All of these diseases were of exTatic occurrence, the susceptibil- 
ity of the fruit apparently increasing with maturity. All were de- 
cidedly more common at 32° than at 36° F. None occurred at 50° 
(standard packing), and scald and watery break-down were never 
found at 40°, 

Storage temperatures of 50° and 60° F., while preventing pitting 
and other physiological disorders, favored the development of decay. 
After 8 weeks at 50° or higher the fruit showed 1 2 to 60 pei’ceiit, and 
averaged about 30 percent, of stem-end I’ot, whereas the fruit held 
at 40° or lower usually showed no decay. After longer storage 
periods there was occasional blue or gi'een mold decay at the lower 
temperatures. IVhen the fruit was held continuously in storage 
there was little or no contrast between the decay at 32° and at 36°, 
but when held for 1 week at room temperature after removal from 
storage there was about twice as much decay on the fruit from 36° 
as on that from 32° storage. 

After short storage periods the fruit held, at 50° or 60° F, seemed to 
have somewhat the best flavor, but later it became distinctly flat as 
compared vuth fruit held at 40° or lower. The fruit held at 36° or 
40° seemed in some instances to be superior to that held at 32°. 

Humidity and Desiccation 

In a number of the experiments fruit was stored under two different^ 
humidities, namely 85 to 90 percent (table 2) and 65 to 75 percent. ^ 
The comparative results from the two storage conditions are shown 
in table 3. 

In 4 of the 6 tests of storage at 40° F., mild pitting was greater witlx 
low humidity than with high humidity and averaged in the 6 tests 
about 41 percent greater. In all 6 of the same tests definite pitting 
was greater with low than with high humidity and averaged nearly 
five times as great. In the 1 test at 50° F. there was not enough pitting 
with either high or low humidity to be of any great significance. In 
all of the tests the fruit held at low humidity was more shriveled and 
had greater loss of weight than that held at high humidity. 

It was pointed out on page 330 that placing about a tablespoonful 
of orchard soil inside^ each fruit wrapper increased pitting. The 
results of this and similar treatments are reported in table 4. 

The addition of the soil increased definite pitting iix 16 and mild 
pitting in 14 out of a total of 19 tests. An average of the results 
shows that the soil inclusions caused an increase of approximately 100 
percent in both forms of pitting. The increase was as great at 50° F, 
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as at the lower temperatures. It was somewhat greater with low 
humidity than with high humidity and fully as great with sterile 
soil as with inoculated soil. 

Table 3. — Effect of humiditij on piiiuig of grnpcfudl stored at ^0° and o0° F. 







Peel showing— 


Lot no. 

Fruits 

under 

each 

SI orage 
period 

Stoi age 
temper- 
ature 

Definite pitting 

Mild pitting 

condi- 

tion 

With 

low 

humid- 
ity 1 

With 

high 
humid- 
ity 2 

With 

low 

humid- 
ity 1 

With 
high 
humid- 
ity 2 


Number 

10 

Weeks 

7 

°F, 

40 

Percent 

2 19 

Percent 

1 .59 

Percent 

1 92 

Percent 

1 10 


10 

7 

50 

04 

.95 

95 

01 


S 

10 

40 

97 

.25 

.63 

46 

9B 

s 

8 

40 

13 20 

2 80 

1. 40 

1 00 


8 

4 

40 

1.10 

15 

0 

40 


8 

i 

40 

82 

.35 

0 

OG 

14 

8 

10 

40 

10 00 

74 

22 

0 


1 Relative hamidity 65 to 75 percent 

2 Relative humidity 85 to 99 percent. 


Table 4.^ — Pitting of grapefruit as affected bg including soil, sand, or chaicoal wiiiin 

the wrapper 



Fruits 




Lot 

no 

under 

each 

eondi- 

Storage 

tempei- 

ature 

Storage 
humidity ^ 

Storage 

period 


tion 





Number 

Of 


Weeks 


35 

32 

High 

6 


f h) 

40 

-_-.'.d0-- -- 



10 

40 

Low^ - - 

7 

1 

10 

1 10 
f 8 

50 

High 

7 


50 

Low„ 

7 


40 

Uigh 

10 

5 


40 

Low 

i 10 


1 8 

50 

High 

10 


f 20 

1 20 

40 

Low 

6 

7 

40 

do 

0 


(i 

30 

High . J 

0 

S 

6 

36 

. „.do 

0 

6 

40 

Low 

0 


6 

40 

_ -„do --- 

6 


8 

36 

High 

8 


8 

40 

do 

8 

9A 

S 

40 

do 

8 

8 

40 

Low 

8 


8 

40 

do 

S 


8 

40 

do 

8 

13 

f 8 

40 

do 

10 

1 S 

40 

do 

10 


Peel showing— 


Foreign matter included 

Definite pitting 

Mild pitting 


With 

inclu- 

sion 

With- 
out in- 
clusion 

2 f ^ 

With- 
out in- 
clusion 


Percent 

Percent 

Percent 

Percent 

Gro\e soil 

0 95 

0 22 

0 24 

0 007 

Inoculated .soil 

L59 

1.15 

1.10 

27 

do 

7 36 

2 19 

2. 87 

1. 02 

do- 

55 

.05 

0 

.01 

do.. 

2.38 

04 

1 53 

05 

do 

1.60 

25 

1 97 

.46 

do. - 

7. 50 

.97 

12 80 

.63 

do 

.13 

0 

0 

.01 

do-._ 

3 80 

3 34 

4.45 

1 84 

Sterile sod 

5 47 

1 34 

5 15 

1.84 

Inoculated soil 

2. 10 

1 90 

.40 

.87 

Sterile sod. 

62 

1 90 

.65 

.87 

Inoculated soil... 

2. 84 

1 00 

3.85 

1.20 

Sterile soil-. .. 

2.68 

LOO 

2.68 

1.20 

Inoculated soil... 

7 20 

9 70 

1 30 

1 70 

do 

2 60 

5 10 

.40 

. 17 

Sterile soil 

6 00 

5 10 

.37 

. 17 

Inoculated soil 

5 20 

3. 80 

1.10 

. 74 

Sterile soil 

9 00 

3 80 

3.90 

. 74 

QuarU sand.. 

9 30 

3 80 

6 50 

.74 

Animal charcoal. 

,50 

.19 

0 

0 

Vegetable charcoal 

.85 

.19 

0 

0 


1 The lo^ -humidity rooms were held at 65 to 75 percent relative humidity and the high humidity rooms 
at So to 90 percent. 


It seemed possible that the increase in pitting might be due to 
some harmful substance in the soil; quartz sand and vegetable and 
animal charcoal were therefore tried* but with results similar to those 
obtained with soil. 

07358 — 3(j- 11 
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The fruit packed with foreign material inside the wrapper usually 
showed extreme slirivehng and loss of weight; this was greater when 
the foreign material was applied as a moist smear than when held 
loose in the wrapper. Pitting showed a similar contrast. The 
shriveling was worse when the fruit was held a.t low than at high 
humidity; a similar contrast has been pointed out for pitting, both 
with and without the presence of foreign material. 

In some instances the soil smear was washed off after 5 to 9 days 
and the fruit was then wrapped in oiled paper, with the result that 
shriveling and pitting were only very slightly increased by the soil 
treatment. 

In other experiments (lots 21, 22, and 23) glycerin wrappers were 
used on the fruit in comparison with ordinary wrappers. The results 
are shown in table 5 . The addition of the glycerin increased definite 
pitting to an average of about 7 times and mild pitting to an average 
of almost 3 times that with ordinary wrappers. There was an in- 
crease in definite pitting at 50^ F. as w^ell as at the lower temperatures. 
There was a relatively high percentage of mild pitting on the treated 
fruit at both 36° and 32°, whereas definite pitting was much more 
severe at 36° than at 32°. The fruit packed in glycerin wrappers 
showed more shriveling and much greater loss in weight than the 
fruit in untreated wrappers. 


Table 5. — E^fed of glycerin wrappers ^ on pdiing of grapefruit at different storage 

temper at ures 


Lot no. 

Fruits 
under 
each con- 
dition 

Storage 

period 

storage 

tempera- 

ture 

Peel si 

Definite pitting 

lowing— 

Mild pitting 

With 

glycerin 

wrapper 

With 

ordinary 

wrapper 

With 

glycerin 

wrapper 

With 

ordinary 

wrapper 


Number 

Weeks 

° J’. 

Percent 

Perce nt 

Percent 

Percent 

21 

16 

8 

32 

0. 32 

0 04 

3 00 

0. 03 

21 

16 

8 

30 

12. 00 

2. 00 

3 50 

.98 

22 

16 

9 

32 

07 

.49 

. 13 

1.59 

22 

16 

9 

36 

7.10 

.66 

1.50 

.30 

23 

14 

8 

30 

2 80 

.10 

.22 

.01 

23 

14 

8 

.50 

.32 

0 

0 

0 


1 In lot ^ the ^rappers were saturated with glycerin before using, but in lots 21 and 23 glycerin was rubbed 
on the fruits and dry wrappers then applied. The glycerin was taken up freely by the wrappers. 


In the experiments with soil and glycerin the correlation between 
shriveling and the development of pitting was so close that it seems 
necessary to consider the drying effects associated with the use of 
these materials as a factor in the production of the disease. Whether 
this drying was brought about largely by direct absorption of water 
or more indirectly by action upon the oil or other peel constituents 
has not been determined. 

There was no increase in the browning of the oil glands, scald, or 
vmtery break-down resulting from the use of glycerin wrappers nor 
from the inclusion of soil within the wrappers. 


Delayed Storage, High Temperature, and Temperature Changes 

The sharp decrease in pitting and the accompanying increase in 
decay at 50° F. as compared with 40° and lower suggested the im- 
portance of determining whether similar control of the disease could 
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be obtained without continued exposure to higher temperatures. 
With this point in mind three types of experiments were planned: 
Delayed storage at 50^^ or higher, exposure to relatively high tem- 
peratures before storing, and removal from low-temperature storage 
at stated intervals. 

Hawkins (7) and Hawkins and Barger ( 8 ) recommended curing 
grapefruit before placing it in storage, either by delaying it for a week 
to 10 days at 70^ to 75° F., with a humidity of about 65 percent, or 
by treating it with gas from a kerosene stove in a coloring room for 
3 to 4 days. Both treatments decreased pitting in storage, but the 
latter method was considered the better because of the lower per- 
centage of decay. Friend and Bach ( 5 ) have reported that scald as 
well as pitting was reduced by holding the fruit at 70° for 10 days 
before storing. 

In the present experiments the period of delayed storage at 60° F. 
or above was not extended beyond 3 to 5 days, yet it resulted in a 
definite reduction in pitting. In the four tests reported in table 6 
there was an average of about three times as much pitting on fruit 
that was stored immediately as on that delayed at 60° or above. It 
should be noted, however, that all lots of fruit used in these tests were 
purchased on the Washington market and must have been picked 
several days before the experiment was begun. 

In other experiments the fruit was held at 50° F. duiing the delay. 
In 3 lots the fruit was held at this temperature for 2 days, in 4 lots for 
7 to 10 days, and in 8 lots for 14 or 15 days, before being stored at 32° 
or 36°. The data in table 6 do not indicate any consistent benefit 
from these delays. The results from a delay of 7 to 10 days at the 
higher temperature before storage at 32° and 36° w'-ere more favorable 
than those from a delay of 2 days or 2 weeks. 


Table 6. — Effect of delayed storage at F, and above on pitting of grapefruit 
stored later at 32^ and 36° 


Lot no. 

Fruits 

under 

each 

condi- 

tion 

storage 

period 

storage 

temper- 

ature 

Period 
of de- 
lay 

Tem- 

pera- 

ture 

during 

delay 

Peel sh 

Definite pitting 

awing— 

Mild pitting 

With 

delay 

With im- 
mediate 
storage 

With 

delay 

With im- 
mediate 
storage 


Number 

Wcckit 

°F. 

Days 


Percent 

Percent 

Percent 

Percent 

8 

8 

0 

36 

4 

60 

0 28 

1.00 

0. 01 

1. 20 

8 ‘ 

8 

6 

3G 

4 

60 

.05 

. 27 

.03 

0 

11 

8 

7 

36 

3 

70-75 

1 25 

4 00 

.22 

.80 

15 - 

9 

13 

36 

6 

70-75 

1 10 

1.40 

.20 

.34 

18 

8 

12 

32 

2 

60 

.13 

.53 

.25 

.26 

18..,. 

8 

12 1 

32 

7 

60 

.17 

63 

.37 

.25 

18 

8 

12 

32 

14 

60 

07 

.53 

. 13 

.25 

19--. 

8 

15 

32 

2 

50 

35 

.18 

.32 

.41 

19 

8 

15 

32 

10 

50 

. 11 

. 18 

0 

.41 

19 

8 

15 

32 

16 

60 

.77 

18 

.06 

.41 

19 

8 

15 

36 

2 

50 

1,70 

.71 

.08 

. 10 

19 

8 

15 

36 

16 

50 

3. 70 

.71 

.07 

.10 

20 

16 

13 

32 

7 

50 

.35 

.30 

.17 

.30 

20 

16 

13 

32 

14 

50 

.35 

.30 

.15 

.30 

20 

16 

13 

36 

7 

60 

.22 

.50 

.40 

.13 

20 

16 

13 

36 

14 

50 

1 85 

.50 

,10 

.13 

21 

16 

10 

32 

14 

50 

.12 

.07 

.12 

.08 

21 

16 

10 

36 

14 

50 

1.30 

3.30 

1.00 

2,00 

21 3 

16 

10 

32 

14 

50 

.04 

.02 

0 

.007 


I In oiled wrappers. 



338 


Journal of Agricultural Bef^nirrh 


Vol .'i2, no 5 


In other experiments the prestorage period at the higher tempera- 
tures was shortened to less than 24 hours and the fruit was held in an 
incubator at a temperature usually slightly above 100° F. (table 7). 
Of the 12 instances in which the fruit was stored at 36° or 40° after 
exposure to loigh temperature there were 1 1 m which definite pitting 
was decreased, and the average definite pitting for the 12 heated 
lots was less than one-fifth of that for the fruit stored immediately. 
The one instance in which definite pitting was not decreased was with 
fmit heated but 6 hours. Mild pitting was decreased in 6 out of the 
8 cases where it was present in the control, and the average niiJd 
pitting for the 8 heated lots was about oiie-tlihd of that for the fruit 
stored immediately. Of the 11 instances in which the fruit was stored 
at 32° there was an average of about twice as much definite pitting 
i)ut less than two-thirds as much mild pitting on the heated fruit as 
on that which was stored immediately. 


Table 7.- — Effect of preslorage heating at temperatures of 98° F. and above on 
development of pitting and scald on grapefruit stored at 3d° to 40° 


Lot 

no. 

Fruits 

under 

each 

condi- 

tion 

Storage 

period 

Storage 

temper- 

ature 

Prestor- 
age 
period 
of heat- 
mg 

Tem- 

pera- 

ture 

durmg 

heatmg 

Peel showing - 

Definite piltinir 

Mild pitting 

ScaUl 1 

With 

heatmg 

Without 

heating 

With 

heating 

Without 

heating 

With 

heatmg 

Without 

heating 


IS'umber 

Weeks 


Hours 

op 

Percent 

Percent 

Percent 

Percent 

Percent 

Percf nt 

9A-. 

7 

8 

2 40 

20 

109 

0 26 

3 80 

0 

0 74 

0 

0 

9B.. 

7 

8 

2 40 

20 

109 

44 

13 20 

02 

1 40 

0 

0 

13... 

8 

10 

32 

6 

102 

70 

04 

18 

.50 

37 

0 

13-- 

8 

10 

32 

22 

105 

.09 

04 

0 

50 

4 (K) 

0 

13— 

8 

10 

2 40 

6 

102 

50 

19 

0 

0 

0 

0 

13... 

8 

10 

2 40 

22 

105 

12 

19 

0 

0 

0 

0 

14... 

8 

10 

32 

20 

100 

3 40 

1 30 

1 80 

1 20 

0 

0 

14... 

8 

in 

2 40 

20 

100 

3 00 

10 00 

08 

.22 

0 

0 

15... 

9 

9 

32 

17 

104 

.03 

.11 

0 

. 17 

7 00 

0 

15... 

9 

9 

36 

6 

102 

.20 

.78 

22 

. 10 

0 

0 

15. - 

9 

9 

36 

17 

104 

.49 

.78 

0 

. 10 

7. 80 

1) 

If)... 

8 

8 

32 

19 i 

110 

.31 

30 

0 

0 

6 30 

3 50 

16... 

8 

8 

36 

6 1 

102 

.32 

2. 80 

.07 

0 

0 

0 

16... 

8 

8 

36 

19 1 

no 

77 

2 80 

0 

0 

0 

0 

17... 

9 

10 

32 

6 

108 

20 

.40 

.10 

. 13 

1.20 

2. .30 

17... 

9 

10 

32 

20 

100 

.3.5 

.40 

0 

.13 

12 20 

2 30 

17... 

9 

10 

.36 : 

20 

100 

. 15 

3. 80 

.64 

30 

0 

0 

19- -. 

8 

15 

32 j 

21 

100 1 

.87 

.18 

, 33 

.41 

0 

0 

19... 

8 

15 

3.32 

21 

100 

20 

. 18 

. 10 

It 

3 

0 

19. -- 

8 

15 

36 

21 

100 

30 

.71 

.03 

. 10 

0 

0 

20... 

16 

13 

32 

2(1 

98 

74 

.30 

,01 

. 30 

0 

0 

20--. 

16 

13 

' 32 

20 

98 

03 

30 

0 

30 

0 

0 

20... 

16 

13 

36 

20 

98 

.32 

.50 

05 

. 13 

0 

0 


1 Much of the scald bordered upon o watery bieak-down condition 

2 W ith low humidity. 

3 Held at 50° F. for 10 days after heating. 

^ Held at 50° F. for 6 days after heatmg. 

The effect of heating and the modifying influence of storage tem- 
perature were still more pronounced in the case of scald. Of the 
fruit that was stored at 32° F. there were 2 lots in which scald was 
greatly increased by heating and 2 lots in which a high percentage of 
scald developed on the heated fruit, while the fruit that was stored 
immediately remained free from the disease. In contrast with this 
there was only 1 lot in which scald occurred on the heated fruit at 
36° and none in which it was foimd on the fruit that was stored imme- 
diately at that temperature. Much of the scald that resulted from 
heating bordered upon watery break-down. It should be noted that 
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all of the lots in which scald occurred were picked in April or later. 
(See table 1.) 

Ill other experiments the fruit was removed from storage to higher 
temperatures (table 8). At 40°, and 60° F. the temperature was 
carefully controlled. The 70° temperature was only approximate, 
ranging from 65° to 75°. 

Of the 15 tests in which fruit was removed from storage at 32° or 
36° F. to 70° for 1 day at the end of 1 week and again at the end of 2 
weeks (table 8, unwaxed grapefruit), there were 13 cases in which 
there was less definite pitting and 12 cases in which there was less 
mild pitting on the fruit that had been moved than on that which 
remained continuously in storage. The average of the results shows 
that both forms of pitting were reduced to less than one-fourth of 
that found on the controls. 


Table 8 — Effect of temperature changes on storage diseases of imwaxed and of 
heavily waxed grapefruit 

irmCAXED GRAPEFRUIT 


Lot no. 

Fruits under each condition 

Storage period 

Storage temperature 

Fruits mc)\e(l to indi- 
cated tenipeniture (° F ) 



Feel showing 

— 



Fruits 
showing 
w ater j 
break- 
down 

Definite 

pitting 

Mild 

pitting 

Biowniiig 
of oil 
glands 

Scald 

With moving 

Without mov- 
ing 

With moving 

Without mov- 
ing 

With moving 

> 

0 

a 

bfl 

gs 

With moving 

Without mov- 
ing 

With moving 

Without mov- 
ing 


m. 

11 eeks 













8 

8 

6 

30 

70° for 1 daj aftei 1 week 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 





and again after 2 weeks 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 






0. 57 

1 90 

0 02 

0. 87 







Q A 

4 

8 

30 


.51 

9. 70 

0 

1.70 








4 

8 

30 

. _do 

48 

4. 00 

. 16 

.34 







15 

9 

14 

32 

. do 

20 

58 

.01 

.09 







15 

9 

14 

30 

32 

. do 

29 

1 40 

. 15 

.34 







U5 

s 

a 


97 

30 

0 

3. 50 







16 

s 

8 

30 

32 

do 

07 

2 80 

. 13 

0 







18 

K 

12 


13 

. 53 

. 07 

25 









12 

13 

32 

df) 

12 

46 

,51) 

1, 45 







20 


32 

<lo ^ 

04 

, 30 

o' 

. 30 

0 05 

4 50 





20 

21 


13 

30 

32 

<lo . 

52 

.50 

67 

13 

12 

05 





16 

8 

<lo 

(K)4 

.04 

.04 

.03 

0 

(1 

0 

n 

0 

6 

21 

16 

8 

30 

._.do 

.90 

2.00 

.65 

.98 

0 

0 

0 

0 

0 

0 

22 


ii 

32 

dn 

, 03 

49 

.05 

1 60 

0 

0 

0 

0 

0 

0 

22 

10 

h 

30 

- (io - 

51 

66 

.08 

.30 

0 

n 

0 

0 

0 

0 

23 

14 

8 

32 

70° for 2 days after 1 















week’s storage . 

01 

02 

.06 

.01 

0 

0 

0 

.85 

0 

0 

25 

10 

10 

32 

do-.„ 

0 

.06 

.(K)4 

1. 80 

0 

0 

0 

1 30 

6 3 

6.3 

22 

10 

9 

32 

70° foi 1 day after 2 















weeks’ .si orago- - - ^ - 

.04 

49 

.12 

1 60 

0 

0 

0 

0 

0 

0 

23 

14 

S 

32 

70° for 2 days after 2 















weeks’ storage 

.004 

.02 


01 

0 

0 

0 

.86 

0 

0 

25 

16 

10 

32 

60° for 2 days after 2 















weeks’ storage - 

004 

.06 

.15 

1 80 

0 

0 

21 

1 30 

12.5 

6.3 

25 

16 

10 

34 

60° for 2 days after 2 















weeks’ storage 

.56 

3 70 

40 

.65 

0 

0 

0 

0 

0 

18 8 

25 

16 

10 

36 


.52 

3. 10 

.22 

.72 

0 

0 

0 

0 

12.5 

18.8 

23 

14 

8 

32 

70° for 2 days after 3 















weeks’ storage 

0 

02 

.08 

.01 

12 

0 

.27 

.85 

0 

0 

25 

16 

10 

32 

60° for 3 days after 3 















weeks’ storage 

. 17 

.06 

.06 

1 80 

0 

0 

0 

1.30 

0 

6.3 

25 

16 

10 

32 

60° for 3 days after 4 















weeks’ storage. - i 

.11 

.06 

.04 

i 1.80 

0 

0 

0 

1. 30 

0 

6.3 

18 

S 

12 

32 

50° for 1 week after 2 















Qf/k'mS7£| 

,06 

.53 

0 

.25 







IQ 

Q 

12 

32 

32 

VVWJOkO - F-- - - - 1 

d/i 

. 15 

.46 

1. 17 

1.45 






1 0 

la 

20 

o 

8 

13 


.015 

.30 

0 

1 30 

r.67 

, 4 50 

1 0 

1 0 

. 0 
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Table 8. — Effect of temperature changes on storage diseases of unwaxed and of 
heavily waxed grapefruit — Continued 


Lot no. 

Fruits under each condition 

Storage period 

Storage temperature 

Fruits moved to indi- 
cated temperature (® F ) 



Peel showing 

- 



Fruits 

showing 

watery 

break- 

down 

Definite 

pitting 

Mild 

piitmg 

Browning 
of oil 
glands 

Scald 

With moving 

Without mov- 
ing 

With moving 

Without mov- 
ing 

With moving 

> 

1 

With moving 

Without mov- 
ing 

With moving 

Without mov- 
ing 






Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


No 

Weeks 

OF, 

50° for 1 week after 2 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

20 

8 

13 

36 

weeks’ storage... 

0 80 

0 50 

0 07 

0. 13 

0 

0 05 

0 

0 

0 

0 

21 

16 

8 

32 


.10 

.04 

04 

.03 

.04 

0 

0 

0 

0 

0 

21 

16 

8 

36 


,50 

2.00 

.20 

.98 

.02 

0 

0 

0 

0 

0 

22 

16 

9 

32 

do 

.06 

.49 

1 30 

1.60 

0 

0 

0 

0 

0 

0 

22 

16 

9 

36 

do - - 

.87 

.66 

14 

.30 

0 

0 

0 

0 

0 

0 

23 

14 

8 

32 

do 

.16 

.02 

.05 

.01 

0 

0 

0 

.85 

0 

0 

25 

16 

30 

32 

do 

0 

.06 

01 

1. 80 

0 

0 

.60 

1. 30 

0 

6.3 

25 

16 

10 

34 

do - 

.20 

3. 70 

.10 

.65 

0 

0 

0 

0 

0 

18 8 

25 

16 

10 

36 

do - 

1 50 

3. 10 

.20 

.72 

0 

0 

0 

0 

0 

18 8 

24 

16 

10 

32 

50° permanently after 1 















week’s storage 

02 

.23 

0 

.39 

0 

1. 10 

0 

0 

0 

6 3 

24 

16 

10 

32 

50° permanently after 2 















weeks’ storage 

.04 

23 

0 

.39 

0 

1. 10 

0 

0 

0 

6.3 

25 

le 

1C 

32 

do 

.04 

.06 

0 

1. 80 

0 

0 

0 

1. 30 

0 

6.3 

25 

16 

10 

34 


02 

3 70 

0 

.65 

0 

0 

0 

0 

0 

IS 8 

25 

16 

10 

36 

do 

08 

3. 10 

0 

.72 

0 

0 

0 

0 

0 

18.8 

24 

16 

10 

32 

50® permanently after 3 















weeks’ storage 

. 10 

.23 

.03 

39 

0 

1 10 

0 

0 

0 

6..i 


HEAVILY WAXED GRAPEFRUIT 


IS 

8 

12 

32 

70° for 1 day after 1 week, 















and again after 2 weeks 















of storage 

0 

0 

0. 13 

23.20 







19 

8 

15 

32 


0 

0. 07 

.32 

2.11 

0.32 

1.10 

0 

0 

0 

0 

20 

8 

13 

32 


.03 

1 10 

.01 

.06 

.20 

9.20 

0 

0 

0 

0 

20 

8 

13 

36 

do 

.20 

.34 

. 15 

.05 

0 

0 

0 

0 

0 

0 

21 

16 

10 

32 

do 

0 

0 

004 

.04 

0 

0 

0 

0 

6 3 

25.0 

22 

16 

9 

32 


.02 

. 22 

.13 

.5,5 

0 

0 

0 

0 

0 

0 

22 

16 


32 

70° for 1 day after 2 









weeks’ storage 

.04 

.22 

.12 

.55 

0 

0 

0 

0 

0 

0 

23 

14 

8 

32 

70° for 2 days after 2 















weeks' storage 

.01 

0 

.03 

.02 

.50 

0 

0 

12.1 

0 

4 8 

21 

10 

10 

32 

50® for 1 week after 2 















weeks’ storage 

.02 

0 

.01 

.04 

0 

0 

0 

0 

18 8 

25 0 

22 

16 

9 

32 

do. 

.003 

22 

.08 

.55 

0 

0 

0 

0 

0 

0 

22 

16 

9 

36 

..dn 

.20 

. 18 

.01 

.20 

0 

0 

0 

0 

0 

0 

23 

14 

8 

32 


0 

0 

0 

.02 

0 

0 

8. 3 

12.1 

0 

4 8 

24 

16 

10 

32 

.50° permanently after 2 















weeks' storage at 32°.. _ 

.004 

.02 

0 

.03 

. 18 

.22 

0 

4.3 

0 

0. 3 


In the few tests in which the fruit was moved to 60 F. instead of 
70° or moved to 60° or 70° only once by the end of 2 weeks' storage, the 
average results were fuUy as good as those reported above, but in the 
3 cases in which the change in temperature was delayed to the 
end of 3 weeks or later there was little evidence that it caused any 
reduction in pitting. 

In other experiments the grapefruit was removed from 32° or 36° F. 
at the end of 2 weeks' storage to 50° for 1 week and then returned to 
the original temperature (table 8, unwaxed grapefruit). The results 
were not as favorable as with the shorter periods of exposure to liigher 
temperatures, yet out of the 12 tests there were 8 instances in which 
there was less definite pitting and 10 in which there was less mild pit- 
ing on the fruit that had been moved than on that which remained at 
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a uniform temperature. The average of the results shows that both 
forms of pitting on the moved fruit were reduced to approximately 
one-third of that found on the controls. 

In other experiments the grapefruit was moved from 32°, 34°, or 
36° F. to 50° permanently at the end of 1, 2, or 3 weeks (table 8, 
unwaxed grapefruit). In the 1 test in which the change was made at 
the end of 1 week and in the 4 tests in which it was made at the end of 
2 weeks, mild pitting was entirely prevented and definite pitting 
reduced to an average of about 3 percent of that found on the controls. 
In the 1 instance in wliich the change was made at the end of 3 weeks, 
both forms of pitting were far less serious on the fruit that had been 
moved than on that which had remained continuously at the lower 
temperature. 

With the heavily waxed fruit (table 8) there was usually much less 
pitting on the controls (at constant temperature), yet the percentage 
of reduction resulting from short-period exposure at 70° F. or 1 week 
at 50° was fully as great as with the unwaxed fruit. A similar reduc- 
tion was obtained in the one test in wliich the waxed fruit was moved 
from 32° to 50° permanently at the end of 2 weeks. 

In the experiments (table 8) in which browning of the oil glands, 
scald, or watery break-down occurred, the effect of the various mov- 
ing treatments was far more pronounced than with pitting. It is 
interesting to note the number of cases in which there was a high 
percentage of scald or wateiy break-down on the controls and entire 
absence of the disease on the fruit that had been moved. 

The data of tables 6 to 8, inclusive, were based on the condition of 
the fruit while it was still in storage, but the contrasts reported for 
the various diseases were fully maintained after removal from storage. 

The fruit that had been lieated was older in appearance and taste 
and this was occasionally true of fruit that had been delayed or that 
had been moved for short periods to higher temperatures. 

The prestorage heating treatments often resulted in a decided 
increase in decay and the delays at room temperature sometimes 
resulted in a slight increase, whereas the various short-period removals 
to higher temperatures caused no increase in decay. The fruit that 
was moved to 50° F. permanently at the end of 1, 2, or 3 weeks’ 
storage at the lower temperatures soon developed a very high per- 
centage of decay; that moved at the end of 1 week showed much 
more decay than that moved at the end of 2 or 3 weeks. 

The possible significance of the residts from the various temperature 
changes is discussed later (p. 349). 

Carbon Dioxide; 

A series of experiments was carried out to determine whether 
short-period exposure to carbon dioxide^ gas would have any effect 
upon the later development of pitting in low-temperature storage. 
The first tests were made on fruit described as lots lA to IF, inclusive 
(table 1). After shipment from Orlando, Fla., to Washington, B. C., 
by ordinary express (2 days) the fruit was given 2 days’ exposure to 
atmospheres containing 40 to 45 percent of carbon dioxide gas before 
being placed in storage at 32° F. Similar lots were held at the same 
temperatures in normal air. Seven fruits were used under each 
condition. Most of the tests were made at 77°, 68°, and 49°, but 
two tests each at 50° and 41° were included. Individual records 
were kept of each fruit, as described on page 330. After 10 to 12 
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weeks in storage less definite pitting was found on the fruit receiving 
the prestorage carbon dioxide treatments in all of 18 tests and less 
mild pitting in 17 out of 18 tests. In both cases there was an average 
of one-third as much disease on the treated as on the untreated fruit. 
The contrasts were greater with the fruit that was held at the higher 
temperatures during the period of treatment than on that held at 
the lower temperatures. 

In order to keep the percentage of carbon dioxide constant in the 
above experiments, the carbon dioxide-air mixture w^as continuously 
renewed, about five complete changes in the atmosphere being made 
in 24 hours, wdiereas the controls were held under moist-chamber 
conditions with no regulation of the air renewal, thus leaving the 
possibility of a difference in aeration as well as a difference in carbon 
dioxide. In later tests the fruit was held in pony refrigerators, with 
practically the same aeration conditions for the treated and untreated 
fruit but less acem^ate control of gas composition and temperature. 

The pony-refrigerator experiments were made at Orlando, Fla., in 
the spring of 1932, Two crates of grapefruit were used under each 
condition. The I’efrigerators were cooled by ice, the tempea*ature of 
the treated fruit chopping to 50° F. in about IS hours and remaining 
there till the end of the experiment, and the temperature of the con- 
trol fruit running 2° to 3° higher. The carbon clioxide was supplied 
from the usual type of carbon dioxide cylinder. It was run rapidly 
into the test refrigerator for 30 minutes and the rate was then de- 
creased till it approximately balanced that of the leakage. In an 
experiment started on April 13 the carbon dioxide wuis held at about 
20 percent and the ti'eatment was continued for 30 hours. In an 
experiment started on April 16 the gas was held at an average of 35 
percent and the treatment was continued for 20 hours. 

The fruit was obtained direct from the grove, and after the treat- 
ment described it was shipped to the Ariington Experiment Farm, 
Kosslyn, Va., by ordinary express and was stored at 32° F. Notes 
were taken at various intervals on the development of disease. In 
the first experiment definite pitting on the control fruit ran about 
50 percent higher than on the treated fruit; in the second experiment 
it ran about 90 percent higher. In both cases the treated fruit wuis 
more than 2 wrecks beliind tlie control fruit in develo])ing a particular 
degree of definite pitting. In the fii'st experiment there was little 
contrast between the treated and untreated fruit in the dev<4opment 
of mild pitting, but in the second experiment it ran about 75 pei*cent 
higher on the untreated fruit. 

The reduction in pitting in the pony-j‘efrigerator expcjiments was 
not as great as in the previous laboratory experiments, but the period 
of treatment was shorter and the percentage of gas lower. The 
20-hour treatment with 35-percent carbon dioxide apparently gave 
better results than the 30-hour treatment with 20-percent carbon 
dioxide. 

The flavor of the different lots of fruit was tested at various times 
and the treated fruit was found to be fullv as good as the untreated 
fruit. 

The results of the various carbon dioxide experiments seem to 
indicate that benefit can be obtained from the use of carbon dioxide 
as a prestorage treatment. Whether tliis benefit is due to a slowing 
down of nietabohsm, to the elimination of harmful products, or to 
some other cause has not been determined. 



Mar. 1, 1936 


Some Storage Diseases of Grwpejruit 


343 


Paraffin and Cellophane Wrappers 

In a few experiments fruit was held in paraffin or in moisture-proof 
cellophane wrappers in comparison with other fruit in standard paper 
wrappers (table 9). With cellophane wi'appers definite pitting was 
reduced in 6 out of 7 tests and mild pitting in 5 out of 7 tests, the 
average of the 7 results showing a reduction of about 43 percent for 
definite pitting and 36 percent for mild pitting. With paraffin wrap- 
pers both forms of pitting wei^e reduced in 6 out of 8 tests, the average 
of the 8 results showing a reduction of about 36 percent for definite 
pitting and 40 percent for mild pitting. 

Friend and Bach (5) have reported a similar reduction of pitting 
with paraffin wrappers. Their fruit was apparently held at 32° F., 
whereas the lots just mentioned were held at 36° or 40°. 

OiL.-^ AND Waxes 

In other experiments mineral oils and various combinations of oils 
and waxes were used in wrappers or on the fruit. The results are 
shown in tables 10 and 11. 

Wrappers that were treated heavily with mineral oil decreased 
definite pitting in 14 out of 17 tests, the average of the results showing 
a reduction of about 52 percent. The apphcation of mineral oil to 
the fruit reduced definite pitting in 14 out of 15 tests, the average of 
the results showing a reduction of about 65 percent. 

The heavily oiled wrappeis decreased mild pitting in 12 out of 17 
tests, the average of the results showing a reduction of about 57 
percent. The application of oil to the fruit decreased mild pitting 
in 12 out of 15 tests, the average of the results showing a reduction of 
about 70 percent. 

The wrappers used in the foregoing experiments were more heavily 
oiled than could be used commercially, and the writers are of the 
opinion that some of the pitting reported in the wrapper tests was 
really oil injury. Commercially oiled wrappers, used in a few tests, 
gave only a slight reduction in pitting and caused no injury. 


Table 0.— Effect of paraffin and cellophane lorappers on pitting of grapefruit stored 

at low temperatures 


Lot 

no. 

Fruils 

under 

each 

condi- 

tion 

Stor- 

age 

tein- 

liern- 

tnre 

Storage liunddity ^ 

Stor- 

age 

period 

Peel sh( 

Definite pitting 

iwing— 

Mild pitting 

With 

paraf- 

fin 

wrap- 

pers 

With 

cello- 

phane 

wrap- 

pers 

With 

un- 

treated 

wrap- 

pers 

With 

paraf- 

fin 

wrap- 

pers 

With 

cello- 

phane 

wrap- 

pers 

With 

un- 

treated 

wrap- 

pers 


Number 



Weeks 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

7 

20 

40 

Low... 

8 


2. 40 

6 1 


1.20 

2. 90 

8 

8 

30 

High 

6 

0.35 

.95 

1 9 

0 55 

.42 . 

.87 

8 

8 

40 

Low 

10 

90 j 

.90 

1 2 

2.50 

3. 20 

C 10 

9A 

7 

30 

High 

8 

3 80 

7.00 

9 7 

.74 

1 50 

1 70 

9A 

7 

40 

_ do - 

8 

3 50 


5.1 

.40 


. 17 

9A 

7 

40 

Low 

8 

3, 30 

4.70 

3.8 

.28 

.65 

.74 

9B 

7 

36 

High - 

8 

5.90 

3.40 

4.0 

1.80 

1. 70 

.34 

9B 

7 

40 

do 

8 

4.70 


2.8 

.65 


1.00 

9B 

7 

40 

Low 

8 

4 30 

6.40 

13 2 

.70 

1 60 

1. 40 


I “Low'' Indicates a relative humidity of 65 to 76 percent, '“high”, 85 to 90 percent. 
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Table 10 .' — Effect of iniiieral oil on pitting of grapefruit 


Lot 

no 

Fruits 
under 
each con- 
dition 

Storage 

period 

Storage 

tempera- 

ture 

Peel showing— 

Definite pitting 

I 

' Mild pitting 

With mineral oil 

Control 

With mineral oil 

Control 

1 On fruit 

In wrap- 
pers 

On fruit 

In wrap- 
pers 


Number 

Weeks 

°F. 

1 Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

2 

26 

9 

32 

1 

0.13 

1 03 


0. 03 

0. 92 

3 

21 

9 

32 


.17 

.56 


.02 

.81 

6 

S 

10 

36 

2 30 

2 10 

3.60 

0 

0 

.80 

7 

20 

11 

1 40 

1 50 

2 70 

7 80 

.95 

2 00 

2. 70 

8 

8 

10 

36 

0 

0 

.90 

78 

.25 

3 40 

8 

8 

10 

1 40 

.90 

.60 

1.20 

1 1 00 

2. 60 

6. 10 

9B 

lb 

s 

32 

.09 

.27 

.31 

.30 

23 

. 16 

9A 

7 

8 

36 

2 10 

4 60 

9. 70 

.90 

2 70 

1.70 

9B 

7 

8 

36 

1.90 

4.60 

4.00 

.74 

0 

34 

9A 

7 

8 

40 ' 

1.70 

4.10 

5 10 

.19 

.40 

, 17 

9B 

7 

8 

40 

2.00 

6.00 i 

2.80 

.51 

.40 

1.00 

9A 

7 

8 

1 40 

6 50 

6.70 

3 80 

0 

28 

.74 

9B 

7 

8 

1 40 

4 80 

5. 40 

13 20 

.14 

.25 

1.40 

10 

8 


40 

05 

.75 

2 60 

0 

.40 

.08 

10 

S 

7 

1 40 

.90 

1 55 

2 50 

0 

0 

.28 

]1 

H 

I- 

1 40 


.42 

2.20 


0 

2.00 

12 

8 

11 

1 40 

7 00 

5 50 

18 50 

0 

.40 * 

.26 

14 

8 

10 

I 40 

.60 


10 00 

___ J) 


.22 


1 With low humidity (65 to 75 percent). 


Table 11 . — Effect of waxing on storage diseases of grapefruit 


Lot 

no 

Fruits 

under 

each 

condi- 

tion 

Storage 

period 

Stor- 

age 

tem- 

pera- 

ture 

Peel showing— 

Fruit showing 
watery break- 
down 

Definite 

pitting 

Mild pitting 

Browning of 
oil glands 

Scald 

Fruit 

waxed 

Con- 

trol 

Fruit 

waxed 

Con- 

trol 

Fruit 

waxed 

Con- 

trol 

Fruit 

waxed 

C’on- 

trol 

Fruit 

waxed 

Con- 

trol 

. 


Nurn- 



Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


ber 

Weeks 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

8 

s 

10 

36 

0 

0. 90 

0. 05 

3.40 







9A 

7 

8 

1 40 

,70 

3. 80 

0 

.74 







9B 

7 

8 

1 40 

.77 

13 20 

0 

1.40 







10 

16 

7 

40 

,84 

2. 60 

.18 

.08 







10 

16 

7 

1 40 

.47 

2. 50 

.04 

.28 








11 

8 

7 

140 

,59 

2.20 

.15 

2.00 







12 

8 

11 

1 40 

4.30 

18. 50 

.83 

.2(> 







13 

8 

13 

1 40 

.12 

.50 

,07 

.12 







14 

8 

10 

140 

.60 

10.00 

0 

.22 







15 

9 

9 

36 

.tf, 

.78 

0 

.10 







16 

8 

12 

36 

05 

3 60 

0 

.17 







17 

9 

10 

32 

.05 

.40 

0 

.13 

0 

0 

2.5 

2. 30 

0 

0 

17 

9 

10 

36 

.15 

3 80 

0 

.30 

0 

0 

0 

0 

0 

0 

18 

24 

12 

32 

0 

.53 

.30 

.25 

0 

0 

17.4 

0 

0 

0 

18 

24 

12 

40 

.05 

.21 

0 

0 

0 

0 

0 

0 

0 

0 

19 

16 

15 

32 

.04 

.18 

67 

.41 

2 60 

.70 

0 

0 

0 

0 

19 

16 

15 

36 

.28 

.71 

01 

.10 

.06 

.02 

0 

0 

0 

0 

20 

24 

13 

32 

.16 

.30 

.07 

.30 

11.80 

4 50 

0 

0 

0 

C 

20 

24 

13 

36 

.13 

.50 

.01 

.13 

0 

.05 

0 

0 

0 

0 

21 

16 

13 

32 

0 

.22 

.004 

.05 

0 

0 

0 

0 

43.8 

12.5 

21 

16 

13 

36 

1.00 ; 

4 40 

.03 

1. 15 

.48 i 

43 

0 

0 

37.5 

12.5 

22 

16 

9 

32 

.15 ; 

.49 

1 13 

1.60 

0 i 

0 

0 

0 

3.1 

6.3 

22 

16 

9 

36 

.13 

.66 

. 12 

-30 

0 

0 

0 

0 

0 

0 

23 

14 

8 

32 

0 

.02 

02 

.01 

0 

0 

12.1 

.85 

12.5 

0 

23 

14 

8 

34 

.06 ‘ 

.95 

.004 

.19 

0 

0 

0 

0 

0 

0 

23 

14 

8 

36 

.02 

.10 

. 14 

.01 

0 

0 

0 

0 

0 

0 

24 

32 

10 

32 

.02 

.23 

.05 

.39 

0 

1.10 

4,1 

0 

3.1 

3. 1 

24 

32 

10 

34 

.17 

.54 

.05 

.42 

0 

0 

0 

0 

0 

0 

24 

32 

10 

36 

.05 

.25 

.05 

.10 

0 

0 

0 

0 

0 

0 

24 1 

32 

10 

50 

0 

0 i 

,004 1 

.02 

0 

0 

0 

0 

3,1 

0 

25 

32 

10 

32 

.02 

.06 

.48 1 

1.80 

0 

0 

5 2 

1 30 

21 9 

3.1 

25 

32 

10 

34 

.75 

3 70 

.50 

.65 

0 

0 

0 

0 

56.3 

9.4 

25 1 

32 ! 

10 

36 

71 

3.10 

,46 1 

.72 

0 

0 

0 

0 

21.9 

9.4 


» With low humidity (65 to 75 percent). 
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Fruit that was heavily waxed before storing developed less definite 
pitting than the controls in all of 32 cases where the disease was 
present in the controls, and the average reduction was about 82 
percent (table 11). Heavy waxing resulted in the reduction of mild 
pitting in 26 out of a total of 33 tests, with an average reduction of 
about 63 percent. There was little contrast in the effect of waxing 
upon definite pitting at 32°, 34°, 36°, and 40° F. The reduction in mild 
pitting was greater at 36° than at 32° and 34°. The effect of the 
waxing upon both forms of pitting was more pronounced with low- 
humidity storage than with high-humidity storage. 

The above contrasts in definite pitting were funy maintained when 
the fruit from 34°, 36°, or 40° F. was held for a week after removal 
from storage; i. e., more than five times as much definite pitting 
developed on the control fruit as on the waxed fruit in this period. 
In three-fourths of the lots stored at 32° the contrasts in definite 
pitting resulting from the waxing of the fruit were also maintained 
upon removal from storage, but there were a few definite exceptions. 

The contrasts in mild pitting were fairly well maintained on the 
fruit from 36° and 40° F. upon removal from storage, but were largely 
lost on the fruit from 32° and 34°. 

Browning of the oil glands, scald, and watery break-down were of 
sporadic occurrence, but there were several instances in which the last 
two of these diseases were very greatly increased as a result of waxing. 
Most of these instances were witli fruit held at 32°. The modifying 
effect of temperature changes upon scald and break-down of waxed 
fruit is shown in table 8. 

Experiments were made to determine the effects of delaying the 
application of wax for various periods after the fruit had been picked. 
Certain lots of fruit were waxed at Orlando at the time of packing, 
and comparable lots were similarly waxed 4 days later after shipment 
to Wasliington. In other experiments fruit was waxed after 1, 2, or 
3 weeks’ storage at 32° or 36° F. and compared with fruit that was 
waxed before storing at these temperatures. In all cases the results 
from delayed waxing were similar to those obtained from earlier 
applications. 

The effect of waxing upon flavor was tested with various lots. 
Thei'e was seldom universal agreement among the persons making the 
tests, but the waxed huit from 32° P. storage was usually rated lower 
than the control fruit from that temperature. The waxed fruit at 
36° was often given as high rating as the control fruit and sometimes 
a higher rating. The fruit that had been heavily waxed seemed in 
some cases to be slightly less acid than the control fruit. 

In most if not all of the above experiments the application of wax 
was heavier than would be practical under any commercial operation. 
In the later experiments an effort was made to secure a lighter waxing 
of the fruit. The lighter applications gave equally good results on 
the storage diseases, with little, if any, indication of any change in 
flavor. 

The fruit that was waxed or wrapped in heavily oiled paper always 
looked fresher and had a better appearance than the control fruit. 
It also showed much less loss in weight. ^ With high-humidity storage 
the control fruit usually showed a loss in weight of about 1 percent 
by the end of the first month, 2 percent by the end of the second 
month, and a much more rapid rate of loss with longer holding, 
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whereas the fruit that was waxed or wrapped in heavily oiled paper 
showed a rate of loss that was approximately 50 percent lower. With 
lo'w-humidity storage the effect of w^axing on loss of weight w^as much 
greater. 

The waxes used in the above experiments consisted in all cases of 
a mixture of wax and oil combined in such proportion as to give a 
pliable product that could be readily rubbed on the fruit. Petrolatum 
and glycerin were occasionally included in the mixture, and w^ater 
was sometimes added in an emulsion. Paraffin and carnauba were 
the usual waxes, and in some cases a small percentage of beeswax was 
added. Mineral oil was used in all instances. The writers have no 
best formula to recommend and are of the opinion that the modifying 
effects resulting from waxing are largely determined by the complete- 
ness of the covering. 

In the experiments with lot 25, wax emulsions were tested in com- 
parison with the wax mixtures reported above. The emulsions were 
prepared as follow^s: 

A mixture consisting of 5 gallons of water, 0.9 pound of stearic 
acid, and 0.4 pound of triethanolamine was boiled gently with careful 
stirring until the acid was completely dissolved, giving a smooth soap 
solution. In a separate container 8.7 pounds of paraffin was incited 
over a hot water bath, care being taken that the temperature did not 
rise above 190° F. The melted paraffin was added to the boiling soap 
solution and stirred vigorously until an even dispersion of the wax 
was obtained; it was then stirred gently but continuously until cooled 
to room temperature. 

Before being used, this emulsion was diluted, in some cases to 50, 
in some to 10, and in others to 1 percent of its original strength. The 
diluted emulsions were heated to 110° F. and the grapetruit was 
treated by rolling it around in the liquid for 1 to 3 minutes. In some 
cases the fruit was rubbed with a cloth after the emulsion treatment; 
in others it was dried before a fan. 

In a few tests a modified emulsion was used to which beeswax and 
petrolatum had been added, and in another test ammonia was sub- 
stituted for the triethanolamine. 

The fruit that had received the various ennilsion treatments was 
stored at 36° F. for compaiisoii ivith similar untreated fruit and 
with fruit that had been coated with a mineral oil-wax mixture, as 
described above. 

At the end of 10 weeks the waxed fruit showed a reduction in def- 
inite pitting of about 77 percent and a reduction in mild pitting of 
about 36 percent as compared with the control fruit, whereas the 
various emulsion treatments gave practically no reduction in either 
form of pitting. The waxed fruit showed a 30-percent reduction in 
loss of weight as compared with the control fruit, whereas the fruit 
that had received emulsion treatments showed an average of 6 per- 
cent reduction. There was no consistent variation in pitting nor in 
the loss in weight resulting from the different emulsion treatments. 

EFFECT OF CHEMICAL VAPORS AND PEEL EXTRACTS 

Grapefruit was found to respond to treatment with various chemi- 
cal vapors. In the experiments reported in table 12 the fruit was 
held in 9-quart jars at room temperature during a 2-day treatment 
and later was stored at 32° or 36° F. The chemicals were dropped 
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into the jars from a pipette upon dry filter paper, and the jars were 
immediately closed. 

The pitting produced by the vapor from the various chemicals v^as 
not always identical in appearance with that on the controls, yet the 
resemblance was close. It seems evident that many widely different 
chemicals are capable of producing pitting or of irritating the peel in 
such a manner that pitting follows. 

In other experiments it was found that lemon oil applied in patterns 
to the peel of grapefruit occasionally produced injury in 32° and 36° 
F. storage. Steam-distillation extracts of grapefruit peel similarly 
applied produced injury resembling pitting in 8 out of 12 tests at 
both 32° and 40°. Wlien grapefruit was held in closed jars at 70° 
and 3 to 6 cc of peel extract was introduced into the jars, slight but 
definite injury was evident in 4 days 

Puncturing the oil cells with a needle resulted in pitlike injuries, 
and in some instances there was a marginal browning that indicated 
injury from the oil released in puncturing. 

Various attempts were made to produce similar effects by bruising 
the peel or by rubbing one grapefruit w^th the peel of another. In 
most cases the results were negative, but distinctly positive results 
were obtained with fruit from lot 25. The fruit had been in low- 
temperature storage several weeks before the experiment wsls started 
but had been warmed to room temperature before the treatments 
were given. Oil and juice were squeezed out of fresh grapefruit peel 
and rubbed on marked areas on other grapefruit, and the fruit was 
then stored at 31°, 32°, and 36° F. After 1 month’s storage 18 out 
of a total of 48 treated areas showed injury, whereas the untreated 
areas remained free from injury. There w^as no significant contrast 
in the results at the different temperatures. 


Taible 12 . — Effect of various chemical vapors upon grapefruit 


Chemical 

Quantity 

^ E ffect of treatmen t 


Cc 

08 to 1 7 - 

Pitting greatly increased. Fruit more yellow 
in some cases 

No contrast in pitting Fruit more yellow in 
some cases 

Pitting greatly increased; color decreased. 

No evident effect. 

Do, 

Pitting greatly increased. 

No evident effect. 

Pitting greatly mcreased. 

Pitting worse than m control. 

No evident effect. 

Do 

0 3 to 0 7 

Acetic acid 

0 5 to 3.0 

Do 

0.3 

Alcohol, 95-percerit 

3 to 6 

Acetaldehyde 

0 4 to 0 . 5 

Do 

0 3 

Formalin . _ 

0.3 to 1 7 

Petroleum ether. 

2 5 to 3 

Do .. 

1 to 2 - - - . 




The injury reported in table 12 was largely in the nature of definite 
pitting; that produced by lemon oil and grapefruit extracts was almost 
entirely of the oleocellosis type (fig, 8) but shading off in some instances 
into various degrees of pitting. 

DISCUSSION 

The foregoing experiments seem to give abundant proof that the 
seriousness of the storage diseases of grapefruit may be greatly modi- 
fied by after-harvest treatment, yet the results have not always been 
consistent. Great care was taken in selecting and sampling the fruit 
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for treatment but it was found extremely difficult to make certain 
that the lots to be compared were physiologically similar. As grape- 
fruit is seen in the picking crate or in the packing house there is con- 
siderable variation in the thickness of the peel and in the srnoothness 
of its surface, and this physical variation is apparently indicative of 
differences in physiological response. The maturity of the fruit is 
also a disturbing factor from the standpoint of accurate experimenta- 
tion. The grapefruit tree has a prolonged season of blooming, and 
fruits hanging side by side with no difference in appearance may be 
months apart in actual age. Fruit that is picked in the fall is likely 
to be from the early bloom and fairly uniform^ as to age, whereas 
fruit picked in the spring may be from the early, intermediate, or late 
bloom and represents a wide variation in age and probably in senility. 
From the standpoint of accurate experimentation the early pickings 
should be more desirable, but from the practical point of view it is 
the later pickings that should be studied because it is the late fruit 
that is likely to be stored. 

With this background of variability it is not surprising that the 
results are not always consistent. It is not only possible that the 
individuals of a particular lot of fruit may have a wide variation in 
physiological condition but that the whole lot may be physiologically 
different from another lot, especially if grown in a different section 
or picked in a different season. 

In spite of the variability in material and in results, certain prin- 
ciples regarding the storage behavior of grapefruit appear to have 
been established. Pitting has been decidedly increased by low 
humidity in the storage atmosphere, by the placing of soil or other 
foreign material inside the wrappers, and by the impregnation of the 
wrappers with glycerin. It has been decreased by high humidity in 
the storage atmosphere, by the use of cellophane, paraffin, or heavily 
oiled wrappers, and by coating the fruit with various oil-and-wax 
mixtures. All of these agencies have had a modifying influence upon 
the loss of moisture from the fruit, and it is the tentative opinion of 
the writers that this may be the main cause of their harmful or bene- 
ficial effects. This does not mean that pitting is to be considered a 
mere drying out of the peel. It is entirely distinct from shriveling 
and apparently is due to the effect that loss of moisture has upon 
enzyme or other physiological activities. A recent publication by 
Laurxtzen and Balch {10) is significant in this connection. They found 
that the inversion of sucrose in the pile of sugarcane is intimately 
associated with the loss of moisture, increasing with the drying out 
of the cane. It seems probable in the present case that high humidity 
tends to delay some phase of destructive metabolism in the peel. 

Nelson {11) has recently concluded that pitting of grapefruit is prob- 
ably a manifestation of suboxidation. He was able to produce typical 
symptoms by holding the fruit in nitrogen at room temperature for 
4 to 7 days. At temperatures of 31° to 33° and 38° to 42° F., pitting 
developed in 17 to 22 days when there was no deficiency of oxygen 
in the storage atmosphere. Two hypotheses were offered as possible 
explanations for the occurrence of the disease at low temperatures; 
one, that the oxidizing system is affected by low temperature to such 
an extent that there is a slow accumulation of toxic materials; the 
other, that low temperature may cause a preponderance of hydrolj^'tic 
activity resulting in excessive splitting of substances like glucosides 



Mar. 1, 1936 


Some Storage Diseases of Grapefruit 


349 


and the consequent accumulation of materials that poison the proto- 
plasm. 

The data of the present paper give considerable support to Nelson’s 
hypotheses and conclusions, yet there is much that can be interpreted 
otherwise. 

Coating apples with oils and waxes or wrapping them in oiled paper 
is known to increase the carbon dioxide content and decrease the oxy- 
gen content of the internal atmosphere and the same thing is probably 
true for grapefruit, yet treatments of this type, as well as prestorage 
treatment with carbon dioxide, have resulted in a decrease in pitting. 
These facts do not seem to be in harmony with the theory of sub- 
oxidation yet they do not preclude the possibility that, other things 
being equ^, a low oxygen supply may favor the development of the 
disease. Soft scald of apples has been classed as a suboxidation dis- 
ease and, like pitting of grapefruit, is decreased by coating the fruit 
with wax or by prestorage exposme to high temperature or to carbon 
dioxide gas {2 ) . This complete parallelism under such diverse treat- 
ments between diseases of two fruits so widely separated as the grape- 
fruit and the apple makes a basis for interesting speculation, and would 
seem to form a background in the search for a fundamental cause, 
viz, some condition of metabolism that might be similarly modified 
by the various treatments. 

Pitting of grapefruit and soft scald of apples are similar also in 
having definite temperature hmitations, but their critical tempera- 
tures are different. Soft scald is most pronounced at a storage tem- 
perature of 30^ to 32° F., and is largely eliminated by holding the 
fruit at 36° to 38°, whereas definite pitting is much worse at 36° 
than at 32°, but can be largely prevented by storing at a temperature 
of 45° to 50°. Whatever similarity there may be in the fundamental 
causes of the two diseases, it is evident that there are factors involved 
for which the temperature requirements are distinctly different. 

Scald and watery break-dowm of grapefruit can be more readily 
classed as suboxidation diseases than pitting. They are increased by 
coating the fruit witJi wax and by subjecting it to high temperatures 
prior to storage, and their occurrence is especially favored by storage 
at 30° to 32° F. 

Certain phases of the present report have important practical sig- 
nificance. Perhaps the most significant fact is the emphasis given to 
humidity. It has been commonly recognized that a high humidity is 
desirable in the storage rooms for grapefruit, but it is doubtful whether 
its extreme importance has been fully reahzed. 

Rubbing a coat of wax (a mixture of w^ax and oil) on the fruit has 
greatly decreased pitting and decreased the loss in weight, but attempts 
to secure a satisfactory coating by means of wax emulsions have 
proved a failure xmder the conditions of the experiment (p. 346). 

It has been found that grapefruit can be exposed to low tempera- 
tures for 2 weefa and sometimes for 3 or 4 weeks without the tendency 
toward physiological disorders becoming irreversibly established. 
Applications of wax at the end of 2 or 3 weeks’ storage have been 
practically as effective in controlling pitting as have similar treat- 
ments before storage. Moving the fruit from 32° or 36° to 70° F. for 
1 day or to 50° for 1 week at the end of 2 weeks’ storage resulted in a 
great decrease in pitting, and moving it to 50° permanently at the 
end of 2 weeks resmted in practically complete elimination of pitting. 
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These results need further checldng, but if it can be definitely estab- 
lished that grapefruit can be held for at lea,st 2 weeks at a low_ tem- 
perature without developing a permanent tendency toward pitting it 
should make possible greater freedom in methods of shipment and stor- 
age, especially with fruit from sections where decay is a serious problem. 

"The knowledge that pitting, scald, and wuitciy break-down are 
definitely decreased by removal to higher temperatures for short 
periods at the end of 1 or 2 weeks’ storage at 82° or 3G° iiiight be of 
value at times in planning the transfer of fruit from shipping point to 
market-terminal storage. 

SUMMARY 

Descriptions are given for two forms of pitting and for scald, 
oleocellosis, browning of the oil glands, and watery break-down of 
grapefruit. 

Bacteria were readily isolated from pitted tissue and certain forms 
were found capable of producing pits when inoculated into grapefruit 
peel but various modifying factors indicate that the disease is not 
primarily of bacterial origin. 

Mild pitting was more pronounced and definite pitting about five 
times as bad at low as at high humidity. Both were increased by 
placing a small quantity of soil, sand, or charcoal inside the wrapper, 
or by impregnating the wrappers with glycerin, and all of these treat- 
ments resulted also in a decided increase in the loss of moisture. 

Definite pitting was much more serious at 3G° and 40° F. than at 
32°, whereas mild pitting was somewhat worse at 32° than at 36° and 
40°. Both were practically eliminated by holding the fruit at 50° F. 
Scald and watery break-down were worse at 30° and 32° than at 36° 
and 40°. 

Holding grapefruit at temperatures of 60° to 75° F. before storing 
it at 36° resulted in a definite decrease in pitting, but bolding the 
fruit at 50° before storing it at lower temperatures had no effect upon 
the later development of pitting. Prestorage heating for 17 to 22 
hours at a temperature of about 100° resulted in a very great de- 
crease in pitting in fruit stored at 36° or 40°, but in many cases gave 
a definite increase in fruit stored at 32°. Scald was much worse on 
heated fruit, especially that subsequently held at 32° storage. 

Removing the fruit from room temperature for 1 day at the end of 
1 week and again at the end of 2 weeks or moving the fruit to 50° F. 
for 1 week at the end of ^ 2 weeks resulted in a decided reduction in 
both definite and mild pitting and also in scald and watery break- 
down. Removing the fruit to 50° permanently at the end of 1 or 2 
weeks’ storage at a lower temperature resulted in the practical elimi- 
nation of physiological disorders. 

Exposing grapefruit for 20 to 48 hours to^ atmospheres containing 
20 to 45 percent of carbon dioxide before placing it in low-temperature 
storage resulted in a definite decrease in the later development of 
pitting, the best results being obtained with the longer treatments 
and the higher percentages of gas. 

Storing the fruit in paraffin or cellophane wrappers gave a reduction 
in pitting similar to that obtained with initial carbon dioxide treat- 
ments. 

Excessively oiled wrappers gave a much greater reduction in pitting 
than paraffin or cellophane wrappers. 
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Coating the fruit with mixtures of mineral oil and wax resulted 
in a much better control of pitting than any type of wrapper used but 
sometimes caused an increase in scald and watery break-down, es- 
pecially with heavy coating and 32° F. storage. 

Fruit held at 50° F. soon developed a very high percentage of stem- 
end rot, whereas fruit held at 40° or lower usually showed no decay 
at the end of 8 weeks’ storage. 
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EXTENT OF VERTICAL MIGRATION OF HORSE STRON- 
GYLE LARVAE IN SOILS OP DIFFERENT TYPES ' 

By John T. Lucker 

Junior zoologistf Zoological Divtsiorif Bureau of Anhnal Industry ^ United States 
Department of Agriculture 

INTRODUCTION 

Plowing under of soil infested with eggs and larvae of livestock para- 
sites is generally considered a useful prophylactic measure against 
worm parasites. However, in 1932, Hall {2) ^ called attention to the 
lack of adequate information concerning the abUity of nematode 
larvae to migrate vertically in soil, and emphasized the need for 
experimental investigations on this subject. The experiments 
described in this paper were undertaken to obtain information on 
the extent to which the vertical migration of horse strongyle larvae in 
soil occurs. Such information is closely related to the value of plow- 
ing under as a control measure for horse strongyles. 

REVIEW OF LITERATURE 

Since Ransom's (5) investigation on the life history of Haemonchus 
contortuSf published in 1906, various investigators have noted a ten- 
dency on the part of infective strongyle larvae to climb up the walls 
of glass containers when a film of moisture was present on the sides of 
the culture vessels. Noller and Schmid (4) reported that horse 
strongyle larvae commonly show this tendency. Enigk (1) stated 
that these larvae climb up stable walls which have been treated 
with milk of lime, provided the boards are moist. WetzePs comment 
on Huber's paper (5, p. 710) noted that horse strongyle larvae climb 
up grass blades in wet or damp weather and return to feces or soil as 
sunshine dries the grass. Schwartz, Imes, and Wright (7) make the 
following statement regarding the vertical migration, on grass, of 
larvae of the large horse strongyles: 

When the air is sufficiently moist so that the grass becomes covered with a 
film of moisture, as happens in times of rain, dew, or fog, the larvae migrate up 
the grass blades and this brings them to a favorable situation to be swallowed 
by horses wliile grazing. 

This statement was based on observations by Schwartz ® who, by 
means of the Baermann apparatus, isolated horse strongyle larvae 
from those portions of blades of grass which had no contact with the 
soil, the larvae being especially abundant on the grass after dews or 
rains. Similar observations have been reported m connection with 
the behavior of larvae of other strongylid nematodes. 

So far as is indicated by examination of the literature dealing with 
the behavior of horse strongyle larvae, the vertical migration of these 
larvae in soil has not been previously investigated. In fact, investi- 

1 Received for publication Oct. 2, 19S5; issued April 1936. 

2 Reference is made by number (italic) to Literature Cited, p. 361. 

3 Personal communication to the author. 
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gations concerning the vertical migration in soil of the larvae of 
strongyles of domestic animals have been confined to only a few 
species. Ross and Kauzal (fi) recently reported experiments which 
indicate that the infective larvae of Stej^hanurus deutatus, a species 
parasitic in swine bnt reported once from an equine, showed very little 
tendency to reach the surface of mud when buried to depths v^arying 
from about 5 to 7.5 cm; Spindlcr (9) buried several hundred infective 
larvae of S, dentatus beneath 2.5 inches of moist soil in each of 12 tin 
cans; only 9 larvae w^ere recovered from the surface soil in the cans 
during the course of daily examinations over a period of 3 weeks. 
Spindler did not find larvae of this parasite in six weekly examinations 
of the surface soil from a freshly plownd pasture which had harbored 
numerous Stephaiiurus larvae before the land was plowed. The 
same investigator (8) obtained a similar result in an extensive field 
investigation involving the vertical migration in soil of the larvae of 
Oesophagostomum of swine. 

METHODS USED IN THIS INVESTIGATION 

Freshly passed horse feces, uncontaminated with bedding or soil, 
were collected and cultured in glass containers at room temperature 
(69° to 76° F.). Infective larvae were obtained from these feces by 
means of the Baermann isolation apparatus. 

Soils varying as much as possible in type were obtained near 
Beltsville, Md" Screened soil of the desired type was rendered 
helminthologically sterile by heating it in open pans until all of it 
reached a temperature of at least 156° F. In some tests unheated 
soil was used; this soil was taken from localities to which, so far as is 
known, horses had had no access. Moreover, before unsterilized soil 
was used in the tests, samples were placed in the Baermann apparatus 
and no horse strongyle larvae w^ere found in them. 

The sterilized and tested unsterilized soils w^ere moistened with 
water and firmly packed into containers, usually wooden boxes. The 
boxes either had w^ooden bottoms in wdiich a number of holes were 
bored, or bottoms of fine wire screen in order that winter might pass 
downward throiigh the soil in a normal manner. Excavations about 
1.5 inches in diameter and of the desired depths were made in the 
center of the soil in the containers. 

Except in one experiment, no. 8, larvae which had attained the 
infective stage not more than 1 or 2 weeks previous to the commence- 
ment of the experiment, suspended in a few cubic centimeters of water, 
were placed at the bottom of the excavations by means of a long glass 
pipette. A few minutes were allowed to pennit absorption of the 
water by the soil before the excavations were refilled with the previ- 
ously removed soil, which was carefully compressed. In all the 
experiments except no. 8, the larvae placed in the soil were counted, 
a dilution method being employed for this purpose. 

In making the vertical-migration studies, 10 experiments were 
carried out. Experiments 1 and 3 were performed in the laboratory. 
Glass tubes about 8 inches high and 6 inches in diameter, open at 
both ends and resting on tin plates, were used as containers for the 
soil. After the larvae had been buried, lids were placed over the 
mouths of the tubes and the preparations were placed in a dark cup- 
board where they remained throughout the duration of the experiment. 
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Experiments 2, 5, 7, 8, and 9 were made outdoors on small fenced 
plots in the vicinity of Beltsville, Md. In experiments 2 , 7, and 9, 
wooden boxes about 13 inches square and 8 inches deep were used as 
containei’s for the soil. The boxes were sunk in sandy soil in such a 
manner that their upper edges protruded 1 inch above the surface of 
the ground, and the level of the soil in the boxes was about the same 
as that of the surrounding soil. In experiment 5, boxes about 17 
inches square, having a depth of either 4 or 8 inches, were used. 
They were placed in shallow excavations made in sandy soil. In 
experiment 8, four bottomless wooden frames, about 15 inches square 
and 10 inches deep, were sunk in sandy soil to such a depth that their 
upper edges protruded about 1 inch above the surface. The soil was 
completely removed from within the frames and replaced with tested 
sand. Pellets of horse feces containing large numbers of infective 
horse strongyle larvae were buried at the bottom of excavations, about 

3 inches in diameter, prepared in the soil within each frame. 

Experiments 4, 6, and 10 were carried on inside a small wooden 

shelter located on a shaded lot. The shelter afforded complete pro- 
tection from rain, and the temperature within the shelter varied in 
accordance wdth the temperatm’e of the outside air. In each experi- 
ment, two wooden boxes about 13 inches square, one of which was 

4 inches and the other 8 inches deep, were used as containers for the 
soil. Tall metal cylinders about 12 inches in diameter were pressed 
into the soil to a depth of about one-half inch to prevent larvae from 
migrating out of the boxes as a result of possible lateral movement in 
the surface layer. A large metal box, about 6 feet long, 4 feet wide, 
and 15 inches deep, was filled with moist soil, and the wooden boxes 
were sunk in this soil in such a manner that the level of the soil within 
and without the wooden boxes was approximately the same. Water 
not only was sprinlded on the surface of the soil in the wooden boxes 
from time to time but also was poured into a short metal pipe located 
in one corner of each box. 

In all experiments in the laboratory or under shelter, the soil was 
kept moist by the addition of water from time to time. The varia- 
tion in the temperature of the laboratory has been indicated pre- 
viously. In the outdoor experiments in which no shelter was pro- 
vided, water was not added to the soil in the boxes after the larvae 
were bmied. Precipitation invariably occurred during the period in 
which the experiments were in progress. 

At the expiration of the desired interval, the enthe surface layer of 
the soil in the container was scraped off with a spoon or spatula to a 
depth of about one-eighth of an inch to collect larvae that had migrated 
to the surface. The scrapings were placed in the Baermann appa- 
ratus, and after 24 hours or longer the fluid was withdrawn from the 
bottom of the rubber tubing and the larvae recovered were counted . 

EXPERIMENTAL DATA 

VERTICAL MIGRATION AS AFFECTED BY TYPE OF SOIL 

The data pertaining to the vertical-migration- experiments with 
different types of soil ^table 1), show that in from 19 to 53 days there 
was extremely little migration of horse strongyle larvae to the surface 
of clay soil from depths of 1 to 6 inches. In heavy sandy loam to clay 
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loam and sandy clay loam, very few of the larvae buried to depths of 
4 to 5.5 inches reached the surface in intervals ranging from 28 to 37 
da^^s; from depths of 1 to 2.5 inches, however, appreciable numbers of 
larvae reached the surface in from 26 to 44 days. In sandy loam and 
sandy light clay loam, small percentages reached, the surface from 
depths of 1 to 6 inches in from 23 to 67 days. Likewise, small per- 
centages reached the surface of coarse sand from depths of 2 to 6 
inches in from 28 to 44 days. The results of experinaent 8 , although 
the larvae buried were uncounted, indicate that considerable numlDers 
reached the surface of coarse sand in 1 month when small quantities 
of horse feces were buried from 3 to 8 inches beneath the surface. In 
general the individual experiments show that the percentage of larvae 
which reached the surface varied inversely with the depth of burial. 

VERTICAL MIGRATION AS AFFECTED BY LATERAL SUBSURFACE MIGRATION 

Since the soil containers used in the vertical-migration experiments 
were very limited in size, it was desirable to know whether the results 
might have been affected by lateral migration of the larvae beneath 
the soil surface to the edges of the containers, followed by ascent 
along the surface of the containers. Two experiments were per- 
formed to determine the extent of such migration, sandy light clay 
loam being used in each experiment. 

In the first of these experiments, a covered wooden box 7}^ inches 
long, 6 inches wide, and bfi inches deep, was filled with soil. The box 
was so constructed that sections of the sides could be withdrawn 
without disturbing the position of the moist soil. On March 24, 
88,000 larvae were buried to a depth of 4 inches in the center of the soil. 
The distance from tlie sides of the rectangular excavation, in which 
the larvae were placed, to the sides of the box was 2)^ inches. On 
April 10 , 17 days after the experiment began, 66,500 larvae were recov- 
ered from the surface soil. Of these larvae, 143 were in the soil 
directly above the area where the larvae were originally buried, 904 
were in the surface soil within a distance of about 1 inch from the 
central rectangular area, and the remainder were recovered from the 
area extending from this point to the sides and ends of the box. Sec- 
tions of one side of the box were removed, and 42 larvae were found in 
the soil of the lateral surface at an average distance of 8)2 inches from 
the top; 16 larvae were found at an average distance of inches from 
the top. On the opposite side, 25 larvae were found in the lateral 
surface soil at a distance of about 2 inches from the top. Larvae were 
isolated also from the surface of the wooden sections removed from the 
box. 

In the second e:j^eriment a wooden box about 17 inches square and 
6 inches deep, resting on a thin layer of moist sod in a large metal tray, 
was filled with sod. About 94,000 larvae were buried in a central 
excavation 1 inch in diameter and 2% inches deep. A metal cylinder 
inches in diameter was placed directly over the spot beneath which 
the larvae were buried; the lower edge of the cylinder was pressed into 
the sod to a depth of about one-half inch. In a similar manner, tall 
metal cylinders, 5, 8 , and 10 inches in diameter, were placed concen- 
tricady about the smad cylinder. Barriers were thus erected to pre- 
vent the possibility of migration of larvae laterally on the surface of 
the sod, the arrangement permitting a determination and comparison 
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of the number of larvae reaching the surface in each of the five separate 
areas so produced. After 19 days the surface soil from the area 
extending from the edges of the largest cylinder to the sides of the box 
was removed, and after 21 days the surface soil from each of the 
remaining areas was removed, each sample being separately examined. 
The results are shown in table 2. 


Table 2. ‘—Results o/ experiment to determine effect of lateral subsurface migration on 
verheal migration of horse strongyle larvae 



Larvae recovered ' — 


Larvae recovered * — 

[ 

Area no. 

From sur- 
face soil 

Per square 
inch of sur- 
face 

Area no. 

From sur- 
face soil 

1 

Per square 
inch of sur- 
face 

1 (center) 

2- 

3 

Number 

3,463 

3, 043 
18 

Number 

707 

206 

.58 

4 

5 (outer) 

Number 

2 

8 

Number 

0.07 

04 


1 The total number of larvae buried was 94,000. 


The data from the two experiments just described indicate that 
lateral migration beneath the soil surface occurs during the ascent of 
the larvae to the surface layer. In reaching the surface from a depth 
of 2 Jo inches, in the second experiment, a few larvae migi'ated laterally 
4 Jo inches or more, but the vast majority did not migrate more than 
2 inches laterally dm'ing their ascent. In this experiment approxi- 
mately 7 percent of the buried larvae reached the surface from a depth 
of 2J^ inches in from 19 to 21 days. In the fu'st experiment, about 75 
percent of the buried larvae reached the surface in 17 days. 

DISCUSSION 

It is diflS-Cult to compare the winter’s results with those of Ross and 
Kauzal { 6 ) and Spindler (P) in them experiments Avith larvae of 
Stephanurus dentatus, since these investigators did not definitely 
mention the type of soil used. Spindler (^, 9 ) concluded from his field 
studies that plowing the soil under and later gi’owing a crop on it frees 
the land of Stephanurus and Oesophagostomum larvae; this procedure 
is regarded by Spindler as an effective control measure for these 
parasites. 

In the writer’s experiments, horse strongyle larvae migrated 
vertically in coarse sand, sandy loam, sandy light clay loam, sandy 
clay loam, and heavy sandy loam to clay loam, distances equivalent to 
those attained by shallow to average plowing (from 4 to 6 inches). 
However, from such depths only from 0.003 to 1 .2 percent of the buried 
larvae reached the surface of these soils in from about 3 weeks to 2 
months. If it is assumed that the rates of migration indicated by 
the experiments for the periods mentioned remain approximately 
constant, it is evident that only a small percentage of the larvae 
actually buried 4 inches or deeper would reach the surface of the soil 
m the course of a year. HoweA^er, the writer^ s experiments showed 
also that a considerable percentage of buried larvae quickly reached 
the surface from shallow depths, particularly in loam soils. It is 
evident, therefore, that although plowing under of infested soil 
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undoubtedly possesses considerable value as a control measure for 
strongylidosis in the horse, the efficacy of this control measure has 
definite limitations, being affected by the depth to which the larvae 
are buiied and the type of soil in which they are present. It is 
indicated by the experiments that if larvae are buried in clay soil by 
plowing, very few wffi subsequently reach the surface. 

The experiment described on page 358, in which a very large per- 
centage of buried larvae quicldy reached the surface of sandy light 
clay loam soil from a depth of 4 inches, may appear to present a result 
inconsistent with certain of the above statements. The succeeding 
experiment (p. 358) suggests, however, that the larvae migrated laterally 
beneath the surface of the soil to the sides of the box and ascended 
these moist surfaces to the upper soil layer. Enigk (1), as already 
stated, has shown that horse strongyle larvae migrate vertically along 
moist wooden smffaces. Such upward migration probably occurs on 
plant roots. The results of these two experiments indicate that 
lateral subsurface migration was not a factor seriously influencing the 
results of the writer’s experiments on vertical migration. 

SUMMARY AND CONCLUSIONS 

Experiments performed indoors and outdoors indicate that there is 
practically no vertical migration of horse strongyle larvae in clay soil. 

Experiments made indoors and outdoors under shelter show^ed that 
extremely small percentages of buried larvae reached the surface of 
heavy sandy loam and sandy clay loam from depths of 4 to 5.5 inches 
in from about 4 to 6 weeks. During similar periods, 3.5 percent or 
more of buried larvae reached the surface of these soils from depths 
of 1, 2, and 2.5 inches. 

Both indoor and outdoor experiments involving sandy loam and 
sandy light clay loam soils showed that from 0.027 to 7 percent of 
buried larvae reached the smdace from depths of 1 to 6 inches in from 
19 to 67 days; in general, the percentage of larvae reacliing the surface 
varied inversely with the depth to which they were buried. An ex- 
periment in which about 75 percent of the buried larvae reached the 
surface in less than 3 w'eeks is excepted in these statements because 
the data indicate that the larvae ascended the moist wooden sides of 
the small box in which the soil was kept. Larvae probably c*mxld 
ascend plant roots in the same way. 

Small percentages of larvae reached the surface of coarse sand 
from depths of from 2 to 6 inches in from 28 to 44 days. In a non- 
quantitative experiment involving coarse sand, appreciable numbers 
of larvae reached the surface from depths as great as 8 inches in about 
4 weeks. 

Experiments involving sandy light clay loam showed that during 
vertical ascent to the surface some larvae migrated laterally for short 
distances beneath the soil surface. 

Deep plowing under of infested soil should be of some value for the 
control of strongyle parasitism m horses, but the efficacy of this con- 
trol measure is subject to definite limitations, particularly in respect 
to the depth at which the larvae are buried by plowing and the type 
of soil in which they are present. Clay soil presents an almost 
complete barrier to the vertical movement of the larvae. 
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ZINC AND OTHER MINERAL CONSTITUENTS IN RELA- 
TION TO THE ROSETTE DISEASE OF PECAN TREES' 


By A. H. Finch 2 

Assocmtc horticvU'urist, Arizona Agricultural Exjieriment Station 

INTRODUCTION AND REVIEW OF LITERATURE 

Rosette is a physiological disease of pecan trees. Symptoms are 
variable but usually include a naottled chlorosis and crinlding of 
newer tipmost leaves and shortening of the internodes of new shoot 
growth. Affected leaflets do not attain normal size and are fre- 
quently malformed. A necrosis and abscission of leaflets and entire 
leaves may foUow. The resulting leafless shoots frequently die back. 
New growth arises below the dead area. This usually becomes 
affected in the same or subsequent growing season. The tree becomes 
misshapen and worthless, though it seldom dies outright. The dis- 
ease occurs widely throughout the Southern States. Its presence 
was reported in Aiizona in 1 91 1 . 

In studies of pecan rosette in Arizona previously reported (5),^ it 
was found that both strongly and weakly vegetative trees are afiected. 
This fact was interpreted as meaning that factors responsible for 
rosette are somewdiat independent of those governing length of 
vegetative extension. Amount and length of growth in plants have 
been reported by many workers to be closely related to carbohydrate 
and nitrogen nutrition in the plant. If imperfections in nutrition 
w^ere responsible for rosette, they w^ould be of a mineral rather than 
of an organic origin. Some ions and elements are not readily available 
in alkaline soils. Occurrence of rosette is common on, but not 
limited to, alkaline soils. 

Similar chloroses and malformations in other plants have been 
induced by growdng the plants in a nutrient deficient in certain ions 
(. 4 , 11 ) or, where occurring in the field, have been corrected by appli- 
cation of minerals not supplied in ordinary fertilizers { 2 , 10 ^ 21 ). 

As organic nutrition is unlikely as a cause, and some ions may 
not be satisfactorily available in the alkaline soils of Arizona, and 
also since rosetted trees display symptoms similar to those in other 
plants which were corrected by the addition of certain ions, the 
conclusion was that rosette might be due to a mineral deficiency. 
To test for a mineral deficiency, the most effective procedure is to 
use many dift’ering elements and ions and to apply them singly, not 
to the soil where fixation might render them unavailable to the tree 
or where a response of the tree to them might be slow or indefinite, 
but rather to apply them directly to the aboveground parts of the 
tree where their effect might be readily noted. This procedure 
revealed that pecan rosette yielded to treatment with zinc ( 8 ). A 

1 Received for publication July 9, 3935: issued April, 1936. i 

2 The writer is indebted to the members of the Department of Agricultural Chemistry, University of J 
Arizonh. who kmdly xiermitted the use of their laboratory and eqmpment for conducting the analyses 
described herein. Especially is gratitude extended to Dr R. A. Greene, who gave counsel throughout the 
analytical procedure. 

s Reference is made by number (italic) to Literature Cited, p. 375 


Journal of Agricultural Research, 
Washmgton, D. C. 


( 363 ) 


Vol- 52, no. 5 
Mar. 1, 1936 
Key no. Ariz.-lO 



364 


Journal oj Agricultural Research 


Vol. 52, no. 5 


similar metliod was used by iUben et al. (i). Other workers have 
reported a curative action of zinc (6). 

The various data leave little doubt but that pecan rosette yields 
to treatment with zinc. Before this can be finally concluded, a 
strictly chemically pure form of zinc must be used. As far as the 
writer is aware no worker has yet used such a material. The fact 
that similar symptoms in peach, plum, apricot, grape, walnut, and 
orange in California (5), cherry in Oregon {15), citrus in Arizona (7), 
and tung, citrus, and corn in Florida {17) respond similarly to zinc 
indicate a common causal relation of the various diseases. 

Rosetted pecan trees in Arizona respond readily to the application 
of zinc sulphate to the soil around the trees (P), and are now being 
treated satisfactorily in that way. In the alkaline soils of Arizona, 
pecan trees are not injured to any appreciable extent by a toxic 
action of zinc sulphate in the soil. Similar treatment of citrus 
mottleleaf is not practical here because of the toxic action of zinc 
on the trees, as has been reported by Parker {18)^ in Cahfoimia. 
Further information on the occurrence and availability of zinc in 
the soil may lead to the devising of cultural methods to make zinc 
more available and thereby effect a remedy without the actual 
addition of zinc. The present paper reports experiments in which 
zinc was used in treating pecan trees affected with rosette. 

THE PROBLEM 

With the recognition that pecan rosette is in some way^ associated 
with zinc, interest focuses upon the occurrence and action of zinc 
in the plant, particularly in view of certain commonly observed 
phenomena. The top of the tree is most susceptible to rosette. Is 
this because of less zinc in the tissue? Similarly, why may one limb 
be healthy and another on the same tree be affected? Why may one 
tree be affected in an otherwise healthy orchard, and vice versa? 
Why do trees health}^ for many years suddenly become affected or 
trees diseased for many years become healthy with or without change 
in cultural treatment?^ Is this because of a change in the total 
amount of zinc in the tissue or is it a question of availability of zinc 
for physiological use? Is the availability of zinc modified by the 
presence of other elements or ions in the tissue? To gain initial 
information upon the occurrence, distribution, movement and avail- 
ability of zinc, analyses were made of pecan tissue for ash, silica, 
calcium, magnesium, iron, copper, and zinc in 1933, and for ash and 
zinc in 1934. 

EXPERIMENTAL METHODS AND MATERIALS 

SEASON OP 1933 

An 8-year-old orchard of Burkett pecan trees growing near Tucson, 
where^ rosette has been^ generally severe, was used. One previous 
sampling of the irrigation water revealed an absence of zinc {8). 
The soil had a pH value of approximately 8 and contained about 200 
p. p. m. of total soluble salt. Most of the trees in the orchard were 
small and misshapen from rosette, but several, including those sam- 
pled, were of ordmary size for their age. All displayed evidence of 
having had rosette in some previous years. The healthy untreated 
tree used for sampling was apparently not far removed from a rosetted 
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condition, for while it showed no symptoms at time of sampling, it 
displayed mild chlorosis by late August. This may mean that if the 
present studies measui-ed factors related to the cause of rosette, the 
widest possible extremes between healthy and affected tissue were not 
represented in these samples. 

On June 22 four trees wex*e selected. Two of these had chlorotic 
leaves in the topmost parts, but there was no necrosis of shoots. The 
other two trees showed no symptoms of rosette. One diseased and 



Figure 1 —Diagram of tree given special treatment as described in the text. The applications of zinc, the 
defoliation, and the girdling were done on July 14. Samples for analysis were collected on August 18. 
The defoliation was not repeated so that new growth had its full complement of leaves when sampled. 

one healthy tree was treated by placing approximately 30 g of com- 
mercial zinc sulphate (ZnS 04 . 5 H 20 ) in three holes bored into the 
trunk. 

On July 11, samples were collected from each of the four trees. 
Samples consisted of (1) the top 6 inches of 1933 season^s growth of 
topmost branches and leaves, (2) a similar portion of lower outside 
branches, and (3) entire 1933 season^s growth of short inside shoots. 
The two trees healthy on June 22 were still so when sampled. Of the 
affected trees on that date, the treated one was making healthy growth; 
whereas leaves of the top branches in the untreated one were severely 
chlorotic and there was some necrosis of leaves and shoots. The 
samples collected 'of puter'^ide ^branches were mildly chlorotic. The 
short inside shoots were healthy. 

On July 14 a’^fifth^mildly affected tree having a height of only 15 
feet was treated as shown in figure 1, 10 g of zinc sulphate being used 
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for each application. On August 18 samples for analj^'ses were col- 
lected from this tree as follows: 

(1) New growth on girdled branch. Shoots here had made only 2 
inches of growth since girdling. There were no symptoms of rosette 
and no union of cambial or cortical tissue at the girdle. 

(2) New growth on defoliated branch. The defoliating had been 
done only once so that new growth had its full complement of leaves. 
Shoots bad made 6 inches or more of growth since defoliation. No 
symptoms of rosette. 

(3) New growth on an untreated side branch, check for 1 and 2. 
Samples displayed mild chlorosis of leaves, but shoots were not ne- 
crotic. 

(4) New growth on treated branch in top of tree. No symptoms 
of rosette. 

(5) New growth on untreated branch in top of tree. Leaves were 
mildly chlorotic, but no necrosis of leaves or shoots were found. 

SEASON OF 1934 

On October 16, 1934, samples were collected ol what was thought 
might be wider differences of healthy and affected tissue than were 
represented in the samples of 1933. These consisted of leaves col- 
lected at the tips of 1934 season’s growth in the top of 10 rosetted and 
9 healthy trees in the Yuma Valley. The rosetted trees were 5 to 8 
years of age and located in four orchards along the east side of the 
valley. Rosette has been common there. The trees sampled were 
known to have been rosetted for the preceding three summers. The 
healthy trees were from a single 8-year-old orchard on the west side 
of the valley where rosette has been unknown. 

CHEMICAL ANALYSES 

All samples were washed in distilled water as soon as collected and 
were subsequently dried in the sun or in the draft of an electric fan 
and stored in the laboratory until analyzed during the winter following 
collection. The samples were broken into small pieces, placed in a 
silica or platinum dish, dried overnight at llO*^ C., and weighed. 
This was the dry weight upon which all percentages were based. 
Leaf samples generally w^eighed from 90 to 100 g, and stem samples 
20 to 40 g. Samples were ashed at dull redness m an electric muffle. 
The ash was w^eighed, then taken up with dilute hydrochloric acid. 
Analyses were made upon aliquots of this for the various elements using 
the rnethods of the Association of Official Agricultural Chemists (3), 

This method for the determination of zinc consists of separating 
from copper by precipitation of the copper with hydrogen sul- 
phide m solution, containing 5 cc of concentrated hydrochloric acid 
in 250 cc, then by precipitating zinc as the sulphide with the solution 
ad jilted to a pH of 2 to 3. The zinc is estimated turbidimetrically 
as the ferrocyanide. It is recognized that the method is not com- 
pletely accurate. The micromethod described by Hibbard (IS) is 
pohably an improvement, and he provided a copy of his method 
belore analyses were begun on the material collected in 1934. It was 
deemed best to continue with the official method since it had been 
on previous years. Furthermore, the use of large samples 
(18 to 20 times as large as those suggested by Hibbard) would tend to 
reduce errors mcidental to analyses. 



Mar 1 , 1936 Zinc in Relation to Rosette Disease of Pecan Trees 


367 


DISCUSSION OF DATA 

The results as found for healthy and rosetted pecan trees, untreated 
and treated by placing zinc sulphate in the trunk are shown in table 1 
and figure 2. Similar data for some parts of the tree given special 



Figure 2 —Analytical data from several trees sampled in 1933, These trees were growing In a district where 
rosette has been common. The healthy, untreated tree was probably close to a rosetted condition when 
sampled, for mild symptoms appeared later m the summer. 


treatments as shown in figure 1 are shown in table 2 and figure 3. 
The data for zinc and ash content of the healthy and diseased tissue 
collected in the Yuma Valley in 1934 are shown in table 3 and figure 4. 

r,73o8— 36 4 
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The zinc content was also calculated as the {percentage of total ash in 
the tissue; this tended only to show wider differences in zinc content 
and the data computed in this way are not included. 


Table 1. — Percentage of oven-dry weighty ash, and certain mineral constituents in 
tissues of healthy and rosetted trees when sampled J ulij 11, 193S 


Condition of 
tree 

Branches 

sampled 

Condition 

Tissue 

Ash 

Sil- 

ica 

CaO 

MgO 

Mn 

Fe 

Cu 

Zn 


Top 

Healthy. _ 

/Leaves. 

7 12 

0.553 

1 83 

0 2306 

0. 0056 

0 0129 

0.0013 

0 0088 




\Shoots- 

6 42 

.108 

2 29 

3811 

0058 

0075 

0018 

.0143 

Healthy.. 


...do - 

/Leaves. 

9 72 

.724; 

3 09 

.6612 

0078 

01.54 

0012 

. 0046 




\ShootS- 

7 92 

114 

3 13 

4476 

0062 

.0077 

0017 

.0149 


Short inside 

,..do— 

/Leaves. 

14 46 

916j 

5 45 

1. 1450, 

0102 

.0140 

0010 

0932 




\Shoots- 

15. 12 

930 

6. 77 

9906 

.0067 

.0319 

.0016 

.0576 


[Top 

Severe ro- 

/Leaves. 

11 54 

886 

3.51 

1 0192 

0134 

.0253 

0011 

0076 



sette 

\Shoots- 

8.45 

.105 

3. 49 

.6644 

.0048 

0110 

0015 

.0187 

Rosetted > 


Mild ro- 

/Leaves. 

9 29 

.680 

3 03 

, 7552 

.0123 

0171 

0008 

0062 



sette 

\Shoots - 

8. 49 

.319 

3 73 

6367 

0061 

0113 

0022 

0191 


Short inside. 

Healthy. -- 

/Leaves. 

13 16 

.837 

4 95 

1 0726 

.0200 

0270 

0010 

0074 




\Shoots- 

13. 76 

475 

5 39 

9763 

0272 

0250 

0018 

0125 


[Top. 

do 

/Leaves. 

6 50 

469 

1 69 

.5177 

0129 

.0120 

0020 

0251 




\Shoots- 

6 32 

.245 

2 19 

.4174 

0063 

.0112 

.0023 

0506 

Healthy, treated^ 

Side... 

...do. 

fLeaves. 

8. 47 

717 

2 91 

.6223 

.0084 

0158 

.0014 

0318 




t Shoots. 

6 88 

192 

2.31 

4622 

.0061 

.0103 

.0012 

0226 


Short inside. 

...do 

/Leaves. 

11 64! 

987! 

3 98 

.9052 

.0103 

.0257 

0012 

0312 




IShoots- 

12 48 

723 

5.44 

9517 

0088 

0310 

0043 

0279 


[Top 

do 

[Leaves. 

5 88 

.403 

1 70 

2734 

0068 

0129 

0014 

0074 




[Shoots - 

6 74 

.206 

2.45 

3368 

00.58 

0115 

0019 

0285 

Previously roset- 

Side 

do 

/Leaves. 

8 75 

718 

2 89 

4997 

0094 

.0149 

. 0009 

0103 

ted, treated 3 



[Shoots - 

7 86 

128 

3. 28 

5420 

.0044 

0096 

.0019 

.0199 


Short inside. 

...do.. 

/Leaves. 

12. 84 

887 

4 90 

8163 

.0102 

.0193 

.0007 

0111 




[Shoots. 

13.82 

5fl0 

7. 11 

.7722 

.0086 

.0293 

.0036 

. 0403 


1 Samples of the topmost leaves of this tree had severe chlorosis, the topmost shoots showed some necrosis, 
the outside branches had chlorotic leaves but no necrosis, and the inside branches were virtually free of 
rosette symptoms 

2 This healthy tree was treated by placing 30 g of commercial zinc sulphate (ZnSOi. SHaO) in its trunk 
June 22, 1933. 

3 This tree was rosetted prior to June 22 when it was treated as was the healthy tree (see note 2), it was 
healthy when sampled 


Table 2. — Percentage ash and certain mineral constituents in tissues from the tree 
shown in fig. 1 which was treated on July 11, 1933 

[Samples for analysis collected Aug 18, 1933] 


Posi- 
tion of 
branches 

Treatment 

Condition 

Tissue 

Ash 

Sil- 

ica 

CaO 

MgO 

Mn 

Fe 

Cu 

Zn 




[Leaves 

6.66 

0 627 

1 9f) 

0. 5350 

0. (Mi88 

0. 0195 

0 0010 

0 0068 


Untreated 

Mild rosette 

I Shoots 

6. 62 

.237 

2.41 

.mr 

.0042 

.0156 

.0016 

0202 




1 Average. 

6. 69 

.382 

2 18 

.4613 

0066 

.0175 

.0013 

01.35 




[ Leaves 

6.21 

.426 

1 33 

.3946 

. 0058 

. 0161 

. 0(K)9 

.0849 


Treated 

Healthy 

1 Shoots 

6. 47 

,261 

1 69 

.3048 

.0043 

. 0153 

. 0009 

. 0749 



t Average. 

5 34 

343 

1 61 

.3497 

.0050 

_,'Oi67 

fK)09 

0799 




[Leaves 

7 05 

.476 

2 06 

. 5813 

.0081 

. 0207 

0008 

.0074 


Untreated 

Mild rosette 

1 Shoots 

7. 85 

,3721 

2.94 

.5687 

.0068 

. 0216 

.0016 

,0207 




1 Average. 

7. 45 

.424 

2 60 

.5700 

.0075 

. 0211 

,0012 

0140 


Treated and 
girdled. 


Leaves 

8. 51 

789! 

2 59; 

.6926 

.0119 

0248 

0008 

0258 

Side., 

Healthy. 

. Shoots 

7 88 

241 

3. 11 

.5127 

.0041 

0148 

0010 

.0478 



Average- 

8.20 

515 

2. 85 

. 6026 

.0080 

0198 

0009 

.0368 


Treated and 
defoliated 


[Leaves 

6.72 

.647 

1. 37 

.4895 

.0059 

.0203 

.0011 

. 0361 


do 

I Shoots 

6.79 

.712 

1.92 

4220 

0043 

.0028 

.0020 

.0435 



1 Average. 

6. 26 

679 

1.65 

.4567 

.0051 

.0116 

.0015 

.0398 
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ASH AND MINERAL CONTENT OTHER THAN ZINC 

The data throw light upon the mineral content of healthy and 
rosetted pecan trees, especially with regard to the consistent difference 
in ash content between different types of shoots or parts of the ti^ee 

TOP BRANCHES 

untreated treated 

ROSETTED HEALTHY 

(n </> tn t/> 

UJ h- UJ H- 

> o > o 

< o <t o 

UJ X Ui X 

-J to J tA 


ASH 5 0-^ 



Figure 3 — Results of analysis of the tree given special treatment as sho-wTi in figure 1. 


(table 1 and fig. 2). Short inside branches in the lower part of the* 
tree had consistently a greater ash content than had the long growths 
in the top of the tree. The outside shoots, which are intermediate in 
length and vegetativeness, were generally intermediate in percentage 
of ash. 
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Along with the difference in mineral content of branches from differ- 
ent parts of the tree, there appears to be a relation between develop- 
ment of rosette and ash content. The top branches, the most severely - 
affected part of the rosetted tree, had a much higher ash content than 
had comparable samples from healthy trees (table 1 and fig. 2). In 
the tree given special treatment (table 2 and fig. 3) the treatment of 
one top branch with zinc (fig. 1) and the subsequent production of 
healthy growth was accompanied by a reduced ash content. The^ 
data of 1934 (table 3 and fig. 4) are also indicative of a higher ash 
content in rosetted than in comparable healthy tissue. Haas {12) has 
reported a higher ash content in rosetted than in healthy walnut and 
pecan tissue. 

However, in the rosetted tree (table 1 and fig. 2) the short inside 
shoots wliich were entirely free of rosette symptoms were higher in 
ash than were the rosetted top shoots. It seems that the ash content 
is influenced by the condition of growth and location in the tree. The 
increased ash content found for rosetted tissue may be the result of 
rosette^ and not present in a causal relation. It is only when growths 
of similar type or vegetativeness are considered that the relation 
between ash content and rosette symptoms is apparent. 

Further evidence that the mineral content is influenced by the 
amount or quaUty of the growth as well as the health of the tissue 
is seen in the results following girdling and defoliation (table 2 and 
fig. 3). The growth produced after girdling had a somewhat increased 
ash content ; that produced after defoliation had a reduced ash content. 
Following girdling, the shoots were short and otherwise resembled 
those on the inside of the tree. Following defoliation, the growth was 
longer, slender, and willowy, approaching the character of the healthy 
topmost shoots where the ash content was low. Samples were of 
growth following defoliation and girdling and both were of the same 
age. 


Table 3. Percentage of ask and sine conteiit of leaves at top of rosetted and healthy 
trees of several varieties in the Yuma Valley 

[Collected Oct 16, 1934] J 


Variety 


Kincaid.. 


Halbert.. 


Success. 


Condilinn 


Rosetted.. 
Healthy... 
Rosetted. - 
Healthy... 
Rosetted.. 
Healthy... 


unknown. 



- - — 

Ash 

/one 

H. 9(i 

0 (K13 

S.Ol 

.0071 

7. 73 


7. m 

(2) 

7 37 

0202 

r». 1 1 

0130 

fi 24 

.0153 

« Of! 

0053 

7 84 

CO 

7 03 


5 07 

.0157 

5. 54 

.0174 

5 34 

. 0000 

7 71 

.0048 

8 50 

(2) 

7 43 

( 2 ) 

a. 59 

0103 

6 03 

0145 

6 38 

.0084 

mon ' 

The healthy 
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What was true of ash content has been generally true for each of the 
elements determined except zinc. A comparison of the analyses of 
the topmost tissue in the healthy untreated and in the rosetted tree 
indicates that silica, calcium, magnesium, manganese, and iron may 
be higher in rosetted than in comparable healthy tissue. At the same 
time, the rosetted top shoots were for the most part no higher in these 
materials than were the healthy, short inside shoots For the rosetted 
tree alone, the latter were highest in the various elements. There is a 
general trend in the data from all of the healthy trees for the short, 
inside shoots to be highest in all elements and for the outside shoots to 
be intermediate. Similarly, in the untreated, girdled, and defoliated 
outside shoots, the calcium, magnesium, manganese, and iron were 
reduced in the defoliated tissue and were high or increased in the gir- 
dled or untreated tissue. Copper appears to bear little relation to 
condition of health or type of growth. 



Figure 4 —Ash and zmc content in topmost leaves of rosetted and healthy pecan trees m the Yuma Valley, 
collected October 15, 1934 These trees represented what are believed to be wider differences between a 
healthy and rosetted condition than those of figure 2. 


ZINC CONTENT 

The zinc content found in the various tissues exhibits somewhat 
more of a specific relationship to the presence or absence of rosette 
symptoms than do the other elements determined. This is particular- 
ly true of the samples in table 3 and figure 4. These samples, collected 
from comparable parts of healthy and rosetted trees, indicated a 
higher zinc content in the healthy than in the diseased tissue. These 
healthy samples were from an area in which rosette has never been 
known, whereas the affected ones were from an area where rosette has 
been common. Greater differences in fundamental factors respon- 
sible for rosette might be expected than in the samples (table 1 and 
fis:. 2) which were all from a locality where rosette has been serious. , 

In the analysis of 1933 (table 1 and fig. 2) the zinc content founds 
for the untreated rosetted and healthy trees was significantly different 
only in the short inside shoots where it was markedly less in the 
rosetted than in the healthy tree. The top branches of these two, 
which differed widely in degree oj&Sfealth, and the outside branches, 
which were mildly affected in the rosetted tree and unaffected in the 
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healthy tree, contained practically the same percentage of zinc. 
Though the total zinc content was not greatly different, the propor- 
tion of zinc to total asli was much reduced in the rose t ted tissue. 

Data from the rosetted tree alone (table 1) presents an analogous 
condition. The topmost part which displayed the most extreme 
symptoms of rosette contained virtually the same percentage of zinc 
as did the healthy, short, inside shoots and the less severely affected 
outside shoots. 

Following the application of zinc the treated rosetted tree pro- 
duced healthy growth in the top and outside branches. This was 
accompanied bv but a very slight increase in total zinc content over 
that of the untreated tree (table 1 and fig. 2). The proportion of 
zinc in the ash was greatly increased. It would appear that if pecan 
rosette is related to quantitative amounts of zinc in the tissue, the 
differential between healthy and affected tissue is small. There is 
also the possibihty that when small amoimts of zinc are present, its 
action is modified by the presence of other minerals occuring in the 
ash. Chandler, Hoagland, and Hibbard {5) have reported some 
overlapping of zinc content between healthy and little-leaf tissue, 
generally more zinc being found in the healthy tissue. 

In the healthy, im treated tree (table 1) where zinc might be 
expected to have a normal distribution witliin the tree, the short 
inside shoots contained markedly more zinc than the top or side 
branches. These shoots were from the lower part of the tree. Such 
shoots are not commonly affected with rosette, even in trees where 
the topmost parts are badly diseased. Wliile the movement of zinc 
following treatment is most rapid to the top and rapidly growing 
parts, its normal accumulation seems to be greatest in the lower, 
slowiy growing branches. Perhaps this is why they are less suscep- 
tible to rosette. How^ever, other conditions are not equal, for the 
upper part of the tree is more exposed to light and heat. 

Different parts of trees all equally healthy in appearance have been 
found to contain widely different amounts of zinc. Apparently after a 
minimum requirement is satisfied, additional quantities of zinc serve 
no further need. The appearance of healthy trees w^as not affected 
by the addition of zinc. 

The absence of a quantitative relation between amount of growth 
and zinc may indicate that it does not enter extensively into the 
protoplasmic structure. Reed and Dufrenoy (19) suggest that it 
may act in regulating the oxidation-reduction potential within the 
cells of citrus leaves. They beheve that for an appreciable amount of 
oxidation, “the formation of complexes with metals which readily 
change their valences, thereby serving for H and O transfers” is 
necessary. “Two or more molecules of amino acids may be linked 
with one of a metal such as iron, copper, manganese, or zinc.” 

That a metal which readily undergoes a change in valence could 
be important physiologically as an oxygen acceptor and thereby 
function in maintaining the oxidation-reduction potential of the cell 
is a tenable theory. However, zinc is not such a metal. According 
to Mellor (16) zinc belongs to a family of elements (group 11 in 
periodic arrangement) of which only mercury readily undergoes a 
change in valence. Even here the lower oxide is unstable. Zinc 

% 
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forms the monoxide after the formula: 2Zn+02=2ZnO. In this the 
valence is typically 2. The only other oxide of zinc is the peroxide 
having the chemical structure: 



In the peroxide the valence of zinc is unchanged. In forming this 
compoimd, oxygen rather than zinc undergoes a change in valence. 
Zinc being bivalent could act as a nucleating element joining two 
molecules of amino acids or similar groups, as Reed and Dufrenoy 
point out, but judged by the known properties of zinc, there could be 
no auto-oxidation of the amino acids resulting from valence changes 
at the union. Such a function for zinc cannot be postulated, as it 
might well be for iron, copper, or manganese. 

Zinc has been reported by several workers to be necessary for the 
growth of green plants. It has also been known for many years to be 
beneficial to the growth of fungi. The sum total of the knowdedge 
of zinc in plants is yet smaU. The present data do not indicate that 
any large amount of zinc is held in aflected tissue unavailable for 
physiological processes. Rather, they would tend to suggest that 
rosette symptoms are produced when the total zinc in the tissue is 
insufficient for normal metabolism. Data previously presented {8) 
support this view" as do those of Chandler, Hoagland, and Hibbard (5) 
and Reed and Dufrenoy {19) for other horticultural plants. Also, 
substantiating this interpretation is the fact that in earlier studies {8), 
acids injected into affected trees did not bring about recovery through 
maldng available any elements or ions already present. Similarly, 
the application of sulphuric acid to the soil around affected trees in 
a district where rosette is serious was not effective. It has previously 
been reported that no relation between sod alkah or salt content and 
rosette occurred in Arizona {8), The occurrence of pecan rosette on 
the acid soils of the South has been reported by Skinner and Demaree 
{20) and others. Studies of the hydrogen-ion concentration of 
healthy and rosetted leaves and stems have not revealed consistent 
differences in reactions. 

It seems evident that if any portion of zinc in the tissue is not 
available for metabolism, it is a much smaller portion than is the case 
with some other elements. Iron, for example, may be more abundant 
in tissue, chlorotic for lack of utilizable iron, than in healthy tissue. 
The greater solubility of zinc may accoimt for its being more readily 
available. The ultimate success of controlling pecan rosette through 
treatment with zinc wdll depend considerably upon whether omy 
suppljdng a deficiency is necessary or whether measures to influence 
its availability in the tree are also involved. 

This matter may also have bearing upon the fluctuation and irreg- 
ularity of occurrence of rosette. If zinc is not held unavailable in 
appreciable quantities in the tree, then the development of the 
disease on healthy trees would point to soil fixation. It has been f 
frequently observed in Arizona that where corrals or chicken pens ! 
have been built around trees, rosette soon follows. Chandler et al. 
{5) have reported that corral soils have a high zinc-fixing power. ; 
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MOVEMENT OF ZINC IN THE TREE 

The treatments given the tree shown in figure 1 were designed 
especially to give information upon the movement of zinc in the tree. 
This was deemed important especially in view of the erratic occur- 
rence of rosette wherein one limb of a tree may be affected and the rest 
healthy, and wherein the top of the tree is almost always more severely 
affected than the lower parts. 

The samples collected from the top branches 35 days after one 
branch had been treated with zinc revealed wide differences in zinc 
content (table 2 and fig. 3). The average zinc content in the tip of 
the treated branch was approximately six times that in the untreated. 
In the latter, the content was not increased above that for comparable 
tissue in the untreated trees (table 1). Since it is impossible to know 
the zinc content of the same tissue both at time of tre*,dmg and 
subsequent thereto, it cannot be known if a small increase occTTfrOTTfl 
the untreated branch. There had been some slight improvement in 
the health of the untreated branch, and it is possible that the zinc 
content had increased slightly. It is evident, however, that the great- 
est movement of zinc was upward in the treated branch and that little 
moved downward to the junction with the untreated branch and 
thence upward in it. 

The^ zinc content found in the lower branches supports this inter- 
pretation. The treatment in one lower branch (table 2 and figs. 
1 and 3) did not increase the amount of zinc found in the outside 
shoots of the untreated branch on the opposite side of the tree, 
beyond that found for the outside branches of the untreated trees 
(table 1). Here again, severe rosette symptoms had not developed, 
nor had they developed anywhere in the tree. This fact is taken as 
indicating some migration of zinc downward from the point of treat- 
ment to the trunk where it joined the general vascular supply of the 
tree. If such a migration downward occurred, the amount was not 
great enough to be measured. Clearly, the most immediate and 
abundant movement of zinc is in an acropetal direction. In the field 
treatment of many trees, it has been observed that limbs above the 
treatment are the first to respond, but the entire tree eventually 
does so. 

The severely rosetted condition of one branch of an otherwise 
healthy tree may be accounted for by the tendency of zinc to move 
upward in the tree. In such cases, one miglit suspect the absorption 
of zinc by the roots below the affected limb. 

. The healthy tree treated with zinc in 1933 revealed an increased 
zinc content over the healthy untreated tree only in the top and out- 
^de branches. The increase was greater in the side branches. 
There was no increase in the short inside branches. This might be 
interpreted as chemical evidence of a fact many times observed in 
the treatment of rosetted trees with zinc; the topmost shoots, while 
most severely affected are first to recover, and rapidly growing shoots 
respond more quickly than slowly growing ones. In young, vigorously 
gTowmg trees the response of zinc applied to the trunk has often been 
noted on young leaves in 3 days following treatment. Zinc applied 
amounts has produced a toxic effect on the leaves in 24 hours. 

Girdling of a limb on the low branch (fig, 1) did not prevent the 
passage of zinc from the point of treatment upward, for the sample 
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from above the girdle contained markedly more zinc than did the 
outside branches of any of the trees sampled. The movement of 
zinc upward must then be in the xylem. The new shoots on the 
defoliated limb likewise were found to have an abnormally high zinc 
content. Seemingly, the reduction in leaf area adjacent to the new 
growths did not affect the movement of zinc into them. 

SUMMARY 

The present paper reports additional evidence that the occurrence 
of pecan rosette is to a considerable extent associated with an insuffi- 
ciency of zinc for normal metabolism in the tissue. Such factors as 
condition of growth, location in the tree, exposure to light and heat, 
and probably many others may act with a reduced zinc content to 
cause the development of rosette symptoms. No evidence was 
found that any appreciable quantity of zinc is present but not utiliz- 
able in affected tissue. 

The total ash content was found to bear a relation to the occurrence 
of rosette when shoots of similar growth character and position in 
the tree were compared. In comparisons of this kind, the ash of 
affected tissue was found to be higher than that of healthy tissue. 
Since other factors influence the ash content so markedly, we cannot 
look upon it as occurring in a causal relation to pecan rosette. It is 
more probably a result. 

The translocation of zinc occurred in the xylem. Zinc, when 
placed directly in the xylem, moved most rapidly in an acropetal 
direction. A slower lateral and downward migration probably 
occurred. 
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THE ISOLATION OF A HEMOPHILIC BACILLUS IN PURE 
CULTURE AND THE REACTION OF CHICKENS TO 
EXTRANASAL INOCULATIONS THEREOF ^ 

By J. P. Delaplane, assistant poultry husbandman, L. E. Erwin, assistant plant 
pathologist, and H. 0. Stuart, head, poultry husbandry department, Rhode Island 
Agricultural Experiment Station 

INTRODUCTION 

The study of hemophilic bacilli herein reported deals with two dif- 
ferent phases: (1) A teclinique of isolating Hemophilus gallinarum in 
pure culture; and (2) the reaction of chickens to the extranasal 
inoculations thereof. 

ISOLATION OF HEMOPHILIC BACILLI IN PURE CULTURE 

In a previous publication {2),^ the writers reported their success in 
isolating hemophilic bacilli from the edematous facial swellings of 
chickens showing an infectious coryza. The technique consisted in 
employing several loopfuls of the edematous fluid from the swellings 
to inoculate a blood medium. After 24 hours incubation at 37^ C. 
the microscopic examination of the medium usually showed a pure 
growth of these organisms. 

Since the time of that report, an opportunity of studying infectious 
material from other than the source used in the previous work has 
become available, and the technique has been found applicable to 
that type of infection with which edematous swellings about the face 
are commonly observed. 

Certain difficulties were experienced in isolating the organisms 
directly from the edematous facial swellings of fowls from field out- 
breaks, but susceptible chickens, infected under laboratory conditions 
with material from these field cases and examined within 24 hours 
after swellings were noted, yielded pure cultures from each of the 
various field sources of the disease. It is apparent that the duration 
of the infection in the individual fowls from the field outbreaks was 
unknown and since, in the previous work of the writers, the cultui^es 
had been made when the swellings were first noted, the time factor 
seemed to be of significant importance in obtaining positive results. 

De Blieck (f), Nelson ( 4 , 5, 6), Schalm and Beach (7), and Eliot 
and Lewis {3), have described their method of isolating the organisms 
from the nasal exudate. They have also shown the significance of 
these organisms in producing a respiratory infection in susceptible 
fowls. In the writers^ experience, the isolation of the organisms from 
the nasal exudate is somewhat tedious and more difficult to accom- 
plish than is isolation from the swellings, although it probably con- 
stitutes the only manner in which they may be isolated in those cases 
shovfing only a nasal exudation. 

1 Received for publication Oct 1, 1935; issued April, 1936 Published as Contribution No. 474 of the 
Rhode Island Agricultural Experiment Station 
3 Reference is made by number (italic) to Literature Cited, p 383. 
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MATERIAL AND METHODS 
pREPAR^oN OF Media 

The blood was obtained directly from the heart of cliloroformed 
fowls after the keel and ribs had been cut in such a manner as to 
expose the heart and was collected in a sterile glass hypodermic syringe 
and placed in a sterile 2-percent sodium citrate normal salt solution 
at the rate of 5 cc of blood to from 10 to 20 ec of this solution. In 
this manner from 15 to 20 cc or more of sterile whole blood could be 
obtained from the average fowl. 

Wlien media were desired for use, the citrated blood was added to 
nutrient agar slants so that it extended from three-fourths to 1 inch 
from the bottom of the slant. It was found desirable to use fi'esh 
blood and make up the media just before they were used. 

Method of Isolation 

The skin over the edematous swellings of the fowls to be examined 
was seared, and an incision through the seared sldn was made with 
a hot instrument. Two to three loopfuls of the edematous fluid were 
used to inoculate each of several tubes of the media as described above. 

After these had been incubated at 37° C. for 24 hours, smears were 
made from each culture tube and stained with Gram’s stain. The 
microscopic examination of stained smears constitutes the only sure 
way of detecting growth as the changes occurring from growth in this 
medium are only slight except for the coagulation of the blood portion 
which may, at times, occur within this period. 

A modification of Gramms method of staining may be used to good 
advantage. It consists in substituting gentian violet made as follows: 
A, 4 g of gentian violet in 25 cc of 95-percent alcohol; B, 14 cc of 
aniline oil and 2.5 cc of hydrochloric acid in 500 cc of distilled water. 
The iodine solution is made up of a 1-1,000 solution of tincture of 
iodine in water. Tliis stain is used in the usual manner except that 
the safranin is allowed to stain from 1 to 2 minutes or longer. With 
this stain the smear has a pink background, and the bacteria stain a 
more intensive pink. 

CULTURAL AND MORPHJOLOGICAL CHARACTERISTICS OF HEMOPHILUS 
GALUNARUM 

The morphological and cultural characteristics of Hemophilus gal- 
linarum have been described by the writem in a previous publicaiion 
(^, pp. 7-8). The organisms colonize on blood-agar slants and plates 
if grown in an atmosphere containing sufficient moisture (^), or in 
an atmosphere containing 10 percent of carbon dioxide as reported 
by Schahn and Beach (7). 

Stained preparations from blood-agar slants or plates usually show 
the organisms to be larger than those grown in the blood-citrate-salt 
solution at the base of nutrient agar slants. 

Thus far, attempts to grow the organisms on other than a blood 
medium have not been satisfactory, although growth in a medium 
consisting of small pieces of sterile raw potato in broth and sodium 
citrate solutions at the base of nutrient agar slants have shown scanty 
growth as indicated by stained preparation of the media. 
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Pure culture of the organisms grown in blood at the base of nutrient 
agar slants produce swelhngs when inoculated subscutaneously in 
chickens and also cause a systemic reaction as indicated by the birds 
appearing depressed. 

Stock cultures maintained in the blood at the base of nutrient agar 
slants have been found capable of inducing respiratory symptoms 
when inoculated into chickens after a period of 10 months although 
the virulence is greatly reduced at this time. 

EXPERIMENTAL DATA 

Bacteriological examinations were made of the edematous material 
from facial swellings of 10 field cases from 5 sources. Hemophilus 
gallinarum was isolated from only one bird representing a field case 
of the infection. 

Eight of nine susceptible fowls inoculated from the respective field 
infections gave positive results when the material from their edema- 
tous swellings was used to inoculate the same type of medium within 
24 hours after the swelhngs were first noted. The other fowl was not 
examined. 

As nothing was known with respect to the length of time the infec- 
tion had persisted in any of the individual field cases, this factor 
seemed to be of considerable significance in the successful isolation 
of the organisms. Tests were therefore conducted with a series^ of 
adult Barred Plymouth Rock and White Leghorn chickens which 
were inoculated intranasally to determine the practicability of 
isolating organisms from fowls within 24 hours after the swellings 
about the face were noted, and also after 48 hours. 

The bacillus was isolated from five of the sLx birds within the 24- 
hour period, whereas the results were negative in five of the six fowls 
examined at the 48-hour period. 

The results would indicate that the bacilh of Hemophilus gallinarum 
are fewer in numbers or have ceased to grow at some period 24 hours 
after the swelhngs have developed. This probably runs parallel to 
the course of the infection, for on an average the swellings ordinarily 
persist for only a few days and recovery is usually apparent within 
a week or 10 days from the onset of the infection in the particular 
strains studied. 

THE REACTION OF CHICKENS TO THE EXTRANASAL INOCULA- 
TIONS OF HEMOPHILIC BACILLI 

The ability of certain hemophihc bacilli to induce an inflammation 
of the upper respiratory tract of chickens has been reported by De 
Blieck {!) Nelson {4, 5, 6“), Delaplane, Erwin, and Stuart {2)j Schalm 
and Beach (7), and Ehot and Lewis (3). A certain degree of resist- 
ance to reinfection has been noted in chickens that have recovered 
from the field type of infection. These chickens are particularly 
resistant to the intranasal inoculations of cultured organisms, while 
those recovering from culturally induced infection are quite resistant 
to reinfection vdth the same cultured organisms but are not com- 
pletely protected against the disease as found in the field. 

Extranasal inoculation of cultured organisms was made to note the 
reaction in chickens and to determine whether such a procedure would 
induce resistance to intranasal infection with the same strain of 
organisms. 
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In a preliminary small group of chickens, it m as noted that the sub- 
cutaneous inoculation of freshly isolated cultured organisms was 
followed by swellings 24 hours after inoculation. These birds were 
quite lame and considerably depressed for a few days but subse- 
quently recovered and were found resistant to intranasal inoculations 
of the cultured organisms and the field infection 2 veeks after the 
subcutaneous injections had been made. 

MATERIAL A.ND METHODS 

The chickens constituting the various experimental groups were of 
different breeds and ages at the time of use but each group of birds 
was of the same breed and age They were reared on the poultry 
farm at the experiment station and were known to have been free of 
clinical evidences of respiratory infections prior to experimentation. 

The culture material used for the various groups was 24-h()ur 
cultures grown in a blood citrate solution and was diluted just prior 
to use with sterile normal salt solution. 

The subcutaneous inoculations were made in the skin over the leg, a 
20-cc syringe and an 18-gage needle being used. The skin area at 
the point of injection was painted with tincture of iodine before and 
after the inoculations were made. The technique for the inira- 
peritoneal and wattle inoculations was similar to that used for sub- 
cutaneous inoculations in that the point of inoculation was prepared 
in a similar manner. 

EXPERIMENTAL D\TA 

The primary tests were conducted on a group of adult Rhode Island 
Red pullets. Six birds received the cultural organisms subcutaneously 
in the skin area over the leg, and three were injected in tiie wattles. 
The two groups were maintained in separate quarters. Twenty-four 
hours following the inoculations, swellmgs were evident at the point 
of inoculation of both groups. The six birds receiving the sub- 
cutaneous injections were considerably depressed and lame for a few 
days but gradually became normal. Two weeks later they were 
inoculated intranasally with material from a transfer of the same 
culture used for the injections. They were resistant to this intranasal 
inoculation. Still later these same birds were ino(‘ulated with the 
nasal exudate from fowls which had been infected with the exudate 
of the field form of the disease, and from which the organisms had 
been originally isolated. They were found resistant to this lielcl 
form of the disease The control chickens obtained from tlu' same 
source as the ones used for the tests were susceptible to tlio cultured 
organisms and the field infection. The three birds that had be(m 
injected in the wattles contracted intranasal infection within 72 hours 
after the injection and were not tested after they rec^overed. 

The results of the preliminary tests were so encouraging that it was 
planned to conduct the experiment on a larger scale. Two groups of 
White Leghorn pullets consisting of 40 birds each comprised the 
initial groups, ^ The two groups were maintained in separate pens 
and each received 0.5 cc of a 50 percent 24-hour culture solution 
subcutaneously over the right leg. One group received the organisms 
from culture 1,® and the other from culture *2.^ They were quite 

3 Culture isolated from the Rhode Island type of this disease. 

< Cultures obtained from other than Rhode Island sources 
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depressed over a period of 5 days after the inoculations had been made, 
and a number were lame in the leg receiving the inoculation. 

Twenty days following the subcutaneous inoculations a few of the 
birds of each group which had not been inoculated intranasally or 
been in contact with cases of the disease, contracted intranasal 
infection. Following the observation of the first few cases, the 
remainder of each group developed a coryza. 

The effect of the intranasal inoculation of 19 of the fowls which had 
been inoculated with culture 1 was tried after they had recovered 
from the subcutaneous inoculations and the subsequent intranasal 
infection which they had contracted. All the birds except one were 
found resistant to remfection from cultures 1 and 2. 

The intranasal reinoculations of eight of the birds originally inocu- 
lated with culture 2 were made after they had recovered from the 
subcutaneous inoculations and the subsequent intranasal infection. 
They were all resistant to inoculations of cultures 1 and 2. 

Ten 4-week-old Barred Plymouth Rock chickens were used in a 
study of the effect of the subcutaneous inoculation. These chicks 
were confined in a battery brooder in isolated quarters, and special 
precautions were taken to be sure that any leakage from around the 
needle at the time of inoculation was promptly sponged with cotton 
saturated with tincture of iodine. These precautions were taken to 
avoid accidental intranasal infection from extraneous material. 

These birds received two injections of culture 1, the second being 
made 10 days after the first. Each of the chickens showed swellings 
at the point of inoculation 24 hours following each injection. They 
were somewhat depressed and lame for a period of 5 days following 
the first inoculation but did not appear to have reacted so severely 
as the adult birds. These chicks contracted intranasal infection 23 
to 25 days after the first inoculation in spite of the precautions taken 
to make sure that any material leaking from around the needle could 
be at fault, thus indicating that intranasal infection might occur from 
the subcutaneous inoculation of cultured material. 

The reaction of the 10 birds to intranasal reinoculation was also 
tested after they had recovered from the intranasal infection. Two 
of the chickens contracted intranasal infection as a result of the 
reinoculation with cultured organisms of culture 1. 

Five Rhode Island Red pullets were injected intraperitoneally with 
cultured material on October 29 and November 1 and were main- 
tained in adjoining separate cages of a laying battery. These birds 
did not show any appreciable reaction to the intraperitoneal injec- 
tions. Four of tlaem contracted intranasal infection 9 days after the 
first inoculation. 

It was considered of interest to determine whether the combining 
of cultured organisms with laryngotracheitis virus and inoculating 
the material in the cloaca would offer any protection. Five 6-week- 
old Barred Plymouth Rock chickens were inoculated in the cloaca 
with this material, culture 39 being used with the laryngotracheitis 
vaccine. Four days after the inoculation of the combined material, 
all chicks showed extensive cloacal reactions. None of the chicks 
contracted laryngotracheitis or intranasal infection as a result of the 
inoculation. Nine days later they were inoculated in the larynx with 
laryngotracheitis vaccine and culture 39 and were found resistant. 
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Five days later they were inoculated intranasally with cultured 
organisms, and after 24 hours they all showed intranasal infection, 
showing that no resistance had developed from the cloacal injections 
2 weeks after the inoculation. 

SUMMARY AND CONCLUSIONS 

Evidence is presented to show that Hemophilus gallinarutyi may be 
readily isolated in pure culture from the edematous swellings of fowls 
showing an infectious coryza and that the success of the isolation 
depends on the length of time the swellings have persisted. Thus, if 
the material is cultured within 24 hours after the swellings have 
developed, the isolation of the organisms is readily accornplished. 
After 48 hours, there is less chance of obtaining the organism. As 
the duration of time the infection has persisted in field cases is usually 
unknown, it is suggested that for diagnostic purposes susceptible 
fowls be inoculated intranasally with the infective material and 
cultures made from them within 24 hours after the facial swellings 
are noted. 

The teclmique serves as an aid in the differentiation of certain other 
respiratory infections of fowls in which a coryza is a symptom, 
particularly that type characterized by a marked rattled breathing 
and lesions of an acute bronchitis and tracheitis with which a coryza 
is noted and which may also show some swelling around the eye. 
This particular infection is perhaps the same as that described by 
Beaudette and Hudson ® at the Northeastern States Pullorum 
Disease Eesearch Workers Conference. The infective agent of this 
disease readily passes through Berkfeld V and N filters as indicated 
by the ability of these filtrates to produce the typical disease condition 
in susceptible fowls. In contrast the filtrate of infectious coryza 
exudate does not produce infection when inoculated into susceptible 
fowls. 

The extranasal inoculation of chickens with cultures of hemophilic 
bacilli is attended with reactions at the points of inoculation when 
given subcutaneously or in the wattle. The birds also show a 
systemic reaction as evidenced by those appearing depressed. The 
intraperitoneal inoculation of a small group of birds did not seem to 
result in any appreciable difference in their general health. 

Intranasal infection occurred as a result of the subcutaneous injec- 
tion of the cultured organisms. It would be difficult, however, to 
state the percentage that contracted the infection in this manner, 
since each of the birds of an experimental group was in contact with 
the others and when one developed intranasal infection, it was easy 
for the others to become infected from it. 

No particular resistance to intranasal infection was noted in the 
birds receiving subcutaneous inoculations of cultured organisms, 
although approximately 3 weeks elapsed from the time of inoculation 
until they contracted intranasal infection. 

The intranasal reinoculation of the birds recovering from the sub- 
cutaneous inoculations and the subsequent intranasal infection 
showed that all but one bird of the Leghorn-pullet groups and two 
from the Barred Plymouth Rock group to be resistant to reinfection. 


i Uapublished data 
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Injection of the cultured organisms in the wattle was followed by 
intranasal infection. Four of five birds receiving intraperitoneal 
injections likewise contracted intranasal infection within 9 days after 
receiving the first inoculation. 

The cloacal inoculation of the cultured organisms combined with 
laiyngo tracheitis virus did not result in any upper respiratory infec- 
tion in a group of five chickens. The chickens were later found to be 
resistant to laryngo tracheitis virus, but susceptible to intranasal 
inoculations of cultured organisms. 

The fact that the prehminary group was resistant to intranasal 
reinoculations remains unexplained. 
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CHEOMOSOME BEHAVIOR IN BLACKBERRY- 
RASPBERRY HYBRIDS ' 


By S. H. Yarnell 2 

Chief, Division of Horticulture, Texas Agricultural Experiment Station 
INTRODUCTION 

The genus Ruhus in the United States is characterized by inter- 
specific compatibihty, frequent lack of complete fertility, and a 
mgh degree of heterozygosity. This is showm by the taxonomic work 
of Brainerd and Peitersen (2y on the New England blackberries, by 
the genetic studies on the same material by Peitersen {10), and by 
several investigations of D arrow and Longley (4) and of Longley 
{5, 6). This is fmther emphasized by the dewberry X raspberry 
cross made by Ness (9) in 1912. Both first and second generations 


Dewberry (Euhus ruhrisetus (R. trivialis)) X Brilliant red raspberry {R, sirigosus) 

(highly sterile) 

F2 (5 fertile plants) 

i 

F3 (Nessberry, fertile) 


Nessberry X dewberry" 

{R, ruhrisetus (R. trivialis)) 

Fi (3 fertile -f - 24 sterile) 

F2 (fertility variable) 

Nessberry X Early Harvest blackberry 
(R. argutus) 

Fi (highly sterile) 

F2 (fertility variable) 

1 

F^ (fertility variable) 

Fi (fertility variable) 

Figvee 1 — Diagrammatic representation of the origm and later crosses of the Nessberry with blackberry, 

dewberry, and raspberry. 


Nessberry X Brighton red raspberry 
(R. ideaus) 

i 

Fi (highly sterile) 

Fo (fertility variable) 

Nessberry X Hailsham red raspberry 
(R. idaeus) 

Fi (highly sterile) 

F2 (fertility variable) 

F3 (fertility variable) 


of this cross {Ruhus trivialis Michx, = R, ruhrisetus Rydb. X Brilhant 
red raspberry, R. sirigosus Miclix.) were quite sterile with the excep- 
tion of five F 2 (open-pollinated) plants, which were almost completely 
fertile, giving a third generation of 859 plants. Selections from these 
were given the name Nessberry. Ness then crossed this fertile 
hybrid to the dewberry^ parent, to two raspberries, and a blackberry 
and grew later generations. The last generation of each cross with 
the Nessberry, outlined in figure 1, has been available for cytological 
study. 

I Received for publication Aug 26, 1935; issued April, 1936. 

3 The writer acknowledges the assistance of Frasw Cowart, Dr. TJ. R. Gore, and Hennie Levy in the 
preparation of cytological material at different times. 

3 Reference is made by number (itahc) to Literature Cited, p. 396. 
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The work here reported was undertaken to obtain further knowledge 
of chromosome behavior in the genus Rubus 

Since all of the crosses were made by the late Helge Ness, mth 
whom the writer had no opportunity to discuss the material, portions 
of his notebook entries vdll be given in certain instances.^ An ac- 
count of much of this work has been published by Ness (<9, 9). In 
referring to his publications it must be remembered that he named 
the pollen parent first. For example, his paragraph heading (La X 
(Brilliant X La) F 3 ) Fi thus becomes the first generation of the back- 
cross Nessberry X Rubus /ubrisetus {R. triviahs) (9), 

THE WILD DEWBERRY 

Ness (9) considered Rubus trivialis, the dewberry found locally, 
and R. rubrisetus, secured for his work from Louisiana, as distinct 
species, based upon differences in shoot growth. It is doubtful, in 
view of the amount of variation in this respect observed in dewberries 
of this locality, if there is sufficient genetic difference between the two 
to justify this distinction. Root tips of the former have 14 chromo- 
somes at metaphase (fig. 2 , A). There are seven pairs at diakinesis, 
frequently joined by a single terminal chiasma. The movement 
toward the poles at the anaphase of the first division sometimes 
tends to be a little uneven (fig. 2 , R), otherwise the division appears 
normal. 

THE NESSBERRY 

Longley and Darrow (7) illustrate the heterotypic division of the 
Nessberry with three figures. Diakinesis and metaphase exhibit 14 
pail’s of chromosomes; 1 pair appears to be lagging at telophase. 
They say: 'Tt was exceptional to find irregularities during meiosis, 
but the history of this hybrid shows that it has been selected through 
several generations and now behaves like a stable species.^’ A 
slightly greater degree of irregularity than the foregoing account 
would indicate has been observed in plants growm in Texas. Lagging 
has been noted during the heterotypic division, and in addition the 
chromosomes seem to have some difficulty in forming a normal 
metaphase plate. This interferes with an even movement towuird 
the poles during the anaphase of the first division (fig. 2 , C), 

NESSBERRY y RUBUS RUBRISETUS F. 

The first generation of the cross Nessberry X Rubus rubrisetus is dis- 
cussed by Ness (9, pp. 22-23). The cross was described before it was 
known that the Nessberry has twice the chromosome number of its 
parents. This first generation consisted of 27 plants — 

intermediate of the parents, except three individuals whicli show only the Ness- 
berry in all parts and bear a heavy crop of perfect fruits; all the others are more or 
less sterile, with canes showing traces of both parents. * * * The leaves have 

the form and size of the Nessberry but their texture and surface are characteristic 
of the blackberries. The flowering is abundant, but each resulting fruit consists 
of a few scattered drupelets. 

The simplest explanation of these results w^ould seem to be that 3 
tetraploid plants of the maternal type and 24 triploicl true hybrids bad 
been obtained. None of this genmation has been available for study. 

A second generation was grown on two occasions. Seed was sown 
on October 15, 1924, from Fj plants of the Nessberry ty])e. Five of 
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Figure 2 —.1, Bubus tririalis, root tip. B, B. irtiialis, first anaphase; C, Nessberry, first anaphase. B-J, 
Nessberry X B trimlis Fa, D, Sn, first anaphase, E, Zn, first metaphase; F, 2n, diakmesis; G, 3n, first 
metaphase, H, 2n, first anaphase, /, 3«, root tip, J, 3n, first metaphase K-B, Nessberry X Hailsham 
{B idaeus) F 3 , •in, K, diakinesis, L, second metaphase, M, a, diakmesis, FI, b, first metaphase; N, first 
metaphase: O, first anaphase; P, second metaphase; Q, first metaphase; B, second anaphase. S-T, 
Nessberry X Early Harvest (B. argutuiO F4,4n, S, first anaphase, T, first metaphase-anaphase. X 2,540. 
Buds and root tips were fixed in Allen’s modification of Bouin’s solution and paraffin sections made, 
which were stained in crystal violet. In the buds only pollen mother cells were examined All draw- 
ings were made with the aid of the camera lueida,usmga L5-mm apochromatic oil-immersion objective 
and a 12 5 X compensating ocular. 
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the seventy-one plants are mentioned in the notes. In four of these 
the Nessberry parent was considered to be dominant; the fifth had 
‘ 'strong growth, many flowers but infertile, similar in all parts to the 
Fi”, presumably the intermediate type. The second planting was 
made October 12, 1927, “Seeds uniformly large.'' The following Feb- 
ruary it was noted that the germination was poor, 64 plants being 
potted. Sixty-eight plants were set in the field during May 1928. 
Forty-two of these have been available for observation. 

The plants may be classified roughly into four groups: (1) A single 
plant in which the characters of the Nessberry parent are dominant; 
(2) a variable intermediate group of 10 plants; (3) those almost indis- 
tinguishable in appearance of canes from the dewberry parent, 28 
plants; and (4) 3 plants similar to those just preceding except that 
they are more vigorous and show Nessberry characters in the canes. 
The plants will be discussed in this order. 

(1) No. 27 resembles the Nessberry parent very strikingly in type 
of growth, i. e., the leaflets are large and broad, usually m threes; the 
canes are strongly branched, with fewer pricldes and less pigmentation 
than the wild dewberry. In addition, the ripe fruit, which is reduced 
in size because of sterility, crumbles upon picking instead of breaking 
below the receptacle as in Ruhus trivialis. Twenty-one chromosomes 
were observed in root-tip preparations (fig. 2, I). There is evidently 
normal pairing between 14 chromosomes while 7 remain unpaired. 
This can be seen in the heterotypic anaphase illustrated in figure 2, D. 
Assortment of the unpaired chromosomes is probably at random. 
Counts of a rather limited number of metaphase plates of the homo- 
typic di\usion indicate that 9 and 12 is the most common distribution, 
followed by 8 and 13 and then 10 and 11. In figure 2, L, the distribu- 
tion has been 8 to one pole and 13 to the other; one of the chromo- 
somes has split and the halves are about to disjoin. 

The 10 plants of the intermediate group (2) differ widely in vigor. 
Six are highly sterile, the other four having reduced fertility. No. 1, 
sterile but vigorous, has the tetraploid chromosome number, with 
complete pairing. Three or four tetrasomes can be observed at 
diakinesis. Two chromosomes frequently lag at anaphase of the first 
division. No. 8, sterile and weak, has the diploid chromosome num- 
ber, which is readily seen at diakinesis (fig. 2, jF). While the seven 
pairs seem to behave quite normally, evidence of a loose association 
between the two components of one of the disomes w^as noted. No. 12 
is fairly fertile; the 14 pairs frequently exhibit a multiple association 
with from 1 to 6, rarely 7, tetrasomes at diakinesis. The distribution 
is usually 14 and 14, but 13 and 15 chromosomes are sometimes 
observed at the homotypic metaphase. Judging from premetaphase 
and first anaphase stages, plant no. 29 has the tetraploid chromosome 
number. Chromosomes of certain of the hybrid plants are hard to 
differentiate clearly, and since no. 29 is one of these, the precise chromo- 
some relationships are hard to determine. There are at least 12 pairs in 
this case, with a variable amount of multiple association during diaki- 
nesis and first metaphase, resulting in 7 or 8 ^oups of chromosomes in 
some instances.^ No. 29 appears to be less fertile than no. 27. The other 
six plants of this group were not exanoined cytologicaUy. A summary 
of chromosome coimts for this and other crosses is given in table 1, 

An examination has been made of the pollen mother cells from six 
plants which bear a close resemblance to the dewberry parent (group 
3). A count was made of the chromosomes in the root tips of an 
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additional plant. In each case the diploid number was found. These 
plants give evidence of their hybrid origin by their vigor, by the 
immense size of the fruits in many cases, by a pecuhar flavor of the 
fruit of certain of the plants, and in some instances by a reduced 
fertility. The pairing is complete, although somewhat looser than 
in trivialis. There is a reluctance of one or two chromosome pairs to 
disjoin promptly (fig. 2, H); otherwise the divisions are quite regular. 
There was a large amount of apparently good pollen — 68 and 78 
percent for two plants examined in iodine-potassium iodide solution. 

Table 1. — Summary of chromosome counts obtained 







Plants 



Group 

no. 







Cross 

Type ; 

i 

2n 

Sn 

' in 

Not ex- 
amined 

Total 

Nessberry X -R. Tuhrisefns 
(dewberry) Fs 

1 

9 ^ dominant 

Num~ 

her 

Num- 

ber 

1 

Num- 

ber 

Number 

Number 

1 

I o 

Intermediate 

1 


1 ^ 

6 

10 

3 

^ P dnminflnt. _ . _ . 

7 


21 

28 


4 

^ P predommates, vigorous. 


3 


3 










i Total 

8 

4 

3 

27 

42 






Nessberry X Brighton (rasp- 
berry) F 2 

1 

i Dewberry type 




2 

2 

2 

Nessberry type 



2 

4 

6 



Total-. 



2 

6 

8 







Nessberry X Hailsham 
(raspberry) Fa 

1 

i Entirely fertile 



27 

46 

73 

2 

Fertility reduced 



28 

29 

57 

3 

Sterile 



7 

16 

23 









Total 



62 

91 

163 






Nessberry X Early Harvest 
(blackberry) Fi. 

1 

Entirely fertile 



18 

62 

80 

2 

Reduced fertility 



29 

38 

67 

3 

Sterile - 



5 

27 

32 








Total 



52 

127 ' 

179 







The last group (4) consists of three plants differing from those 
immediately preceding by their greater vigor, reduced pigmentation 
and number of prickles, and increased branching of the canes. All 
three have the triploid chromosome munber. Classification of 
chromosome groups of an early first metaphase of no. 45b on a basis 
of size suggests three monosomes, three disomes, and four trisomes 
(fig. 2, £?), A spindle view of first anaphase, not illustrated, lends 
support to this interpretation. 

The chromosome number of no. 45c was determined from root-tip 
material only. Both somatic and meiotic chromosomes of no. 55 
were examined. There is a strong tendency for the formation of 
trisomes in the latter plant, as can be seen during the early first 
metaphase of figure 2, G. There are not usually so many trisomes. 
In figure 2, J, also a first metaphase, there is only one obvious 
trisome, at the upper right. 

NESSBERRY X BRIGHTON Fs 

Nessberry X Brighton represents a backcross to a raspberry species, 
R. idaeuSy L., similar to the original parent. The first generation was 
discussed by Ness {9, p. 28). It was noted that — 

All of the plants set a profusion of flowers, but not a single flower produced 
feet fruit. Each fruit consisted, as in other cases of partial sterility, of only 
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a few drupelets. By gathering iieaily everv drupelet, an ample amount of seed 
for a second generation was secured (.9, p. 25). 

There were 230 plants, all no doubt with the triploid chromosome 
number. 

Seeds for the second generation were sown in boxes on October 12, 
1927 ; ‘^germination very poor.'’ Eleven plants were potted the 
following March, and 12 plants were set in the field on May 15, 
1928. Eight of these have been available for study. In spite of the 
use in the breeding work of large nimibers of insect-proof cages 
large enough to cover a plant, it seems highly probable that this 
family resulted from open polhnation, as two of the plants are quite 
similar to the wdld detvberry except in fertility. Three plants of the 
Nessberry type are almost completely sterile and three plants are 
quite fertile. Two of the latter have the tetraploid chromosome 
number. Fourteen pairs can be seen at diakinesis and in both cases 
there is evidence of a multiple association to give anywhere from one 
to six loose tetrasomes. Lagging occurs at both heterotypic and 
homotypic anaphases. One of these had 34 percent apparentl}^ good 
pollen. 

NESSBERRY X HAILSHAM F3 

^ Nessberry X Hailsham is the same type of cross as the one just 
discussed, the tw^o first-generation families being ver}’' similar. Seed 
for the second generation w^as saved from a plant “wdth perfect, 
large fruit, foliage differing from rest in texture * * * very sim- 

ilar to Nessberry in all characters." The F2 consisting of 93 plants, 
was planted in the field in 1925. Notes w^ere taken the followdng May 
on 10 plants. Tw^o w^ere of the Hailsham type, but completely 
sterile; one wms like the wdld dewberry, but with “imperfect" fruits; 
the remainder varied, both in appearance and fertihty. On May 16, 
1927, an additional plant was described as follows: “Low, compact; 
leaves, shoots typical of Nessberry; very prolific; flower cluster 
large; berries large, Nessberry in form and color; drupelets adher- 
ing; tendency to break under calyx." While no record is available, 
this unusual praise, together with the appearance of this third gener- 
ation, makes it seem quite hkely that this plant was its parent. Two 
himdred and seventy F3 plants w^ere set in the field on May 14 and 
15, 1928. One hundred and fifty-three of these have been available 
for observation. 

With the exception of certain plants of weak growTh the family in 
general favors the Nessberry. All plants have been placed in three 
groups on a fertility basis, as follow^s: (1) Entirely fertile, 73 plants; 
(2j fertihty reduced, 57; (3) almost or entirely sterile, 23. The clas- 
sification IS based upon the appearance of the fruit. Buds of 60 
plants have been examined. As far as could be determined from 
pollen mother cell material all plants have the tetraploid chromosome 
number. The somatic chromosome number of one of these was 
foimd to be 28. 

IMihe the fii'st group seemed to be completely fertile as judged by 
achene development, in nine representative plants the percentage of 
good pollen varied from 45 to 67. In addition, no. 72 had only 16 
percent of good pollen, while, in contrast to this, no. 7 had only 3 
percent of empty grains, the remainder varying greatly in size, none 
staining as deeply as pollen from other plants. 
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Three of the twenty-seYen plants examined exliibited no multiple 
association. Most of the plants had one or two tetrasomes at diaki- 
nesis. In four cases as many as seven tetrasomes were sometimes 
found (fig. 2, N), and in one plant six tetrasomes and two disomes. 
Two of the plants having seven tetosomes were at first mistaken for 
diploids (Yarnell {11)), but further examination showed that they as 
well as the others have the tetraploid number of chromosomes. In 
spite of an evident reluctance to form a normal plate at first meta- 
phase with consequent lagging of chromosomes during the anaphase 
following, the usual division is 14 chromosomes to each pole. The 
great variation in size of pollen grains found in no. 7 is probably due 
to the loss of lagging chromosomes. The low percentage of good 
pollen in plant no. 72 was not fully explained by a study of meiosis. 
There was some evidence of a tendency toward incomplete association 
at diakinesis but this was rare. 

The chromosome behavior of the plants with reduced achene devel- 
opment differs from that of the foregoing group only in degree. The 
percentage of good pollen from six representative plants was found to 
vary from 36 to 50, somewhat below that of the previous group. As 
before, two exceptional plants were found — no. 47 with 85 percent of 
good pollen and no. 162 with no good pollen. 

The diakinesis shown in figure 2, K, has 14 pairs of chromosomes. 
This is from a plant (no. 74) having from none to seven tetrasomes. 
The figure illustrated in figure 2, 0, represents a first anaphase of this 
same plant, and illustrates disjunction without the formation of a 
metaphase plate. One pair covered by others is drawn outside the 
cell. The diakinesis of figure 2, M, a, has seven tetrasomes, which are 
shown in figure 2, M, 6, as they appear at first metaphase, A polar 
view of the first metaphase of this plant (fig. 2, Q) has five tetrasomes 
and four disomes. Lagging at second anaphase (fig. 2, R) occurs in 
the group. 

The last group was originally classified as: (1) Almost sterile, 13 
plants; (2) entirely sterile, 3 plants; and (3) W’-eak growth with no 
flowers, 7 plants. Three plants vrere found to have the following per- 
centages of good pollen. 3, 21, and 24, respectively. The amount of 
multiple association varies from none to seven tetrasomes as before. 
The lack of organization at the normal period for first metaphase is 
more pronounced, however. This results in nondisjunction more fre- 
quently than in the more fertile plants. A 15 and 13 dhdsion (fig. 2, P) 
is fairly common. 

NESSBERRY X EARLY HARVEST F4 

Nessberry X Early Harvest represents an outcross to a blackberry 
type. Early Harvest is said to have been propagated from a selected 
wild plant growing in southern Illinois. It is referred to Rnbus 
argutus Link by Card (3) and by Bailey (1), The cross was made in 
1919, the small first generation having black fruit rather than the deep 
red of the Nessberry. In leaves and stem the plants favored the 
female parent. The flow^ers were highly sterile. Seeds to produce 
the second generation were ^'medium to small, of Early Harvest 
type.” On May 3, 1923, 10 plants wwe set in the field. On May 
19, 1924, there were ^'seven plants, intermediate except no. 6 and very 
uniform in characters.” One of the intermediate plants was chosen 
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as parent of the third generation. There was an abundance of both 
large and small seeds. Sixty-one Fs plants were set in the field during 
November 1925, Notes were made on seven of these plants during 
May 1927. All were fertile and prolific, but they varied somewhat 
in character of vegetative growth. Seed was saved from two of these 
for a fourth generation. The seeds were variable in size; germination 
was good, 336 plants being set in the field in May 1928. 

The plants as a whole do not differ greatly in appearance from those 
of the previous cross, as the Nessberry influence is dominant in both. 
In each case there is a great deal of variation, particularly in vigor, in 
size of leaves and flower clusters, and in general habit of growth, 
including the amount of branching and the degree of procumbency. 

A classification of the fertihty of the 179 plants available for study 
was made from the fruit as before. (1) Eighty plants seemed to be 
entirely fertile; (2) 67 had reduced fertility, and (3) 32 were almost 
sterile. Pollen was examiued from 11 plants of the “fertile” group. 
They fell into three classes: Six plants with from 70 to 80 percent of 
good pollen, four plants with from 57 to 59 percent of good pollen, and 
one plant with 32 percent of good pollen. Ten of thirteen plants 
examined critically gave evidence of multivalent association, usually 
having two or three tetrasomes, although two plants had as many as 
seven tetrasomes part of the time. The other three plants had only 
disomes at diakinesis and metaphase of the first division. The 
drawn-out anaphase resulted in an equal distribution of chromosomes 
in all cases noted. In figure 2, T, the chromosomes are separating 
without the formation of a metaphase plate. There is a single tetra- 
some at the upper left. This illustrates an extreme degree of irregu- 
larity for this group. 

Eight of nine plants with “reduced fertility” had from 64 to 82 
percent of apparently good pollen. One other plant, no. 23, had 
only 1.7 percent of good pollen. Buds were fixed from 23 plants of 
this second group. ^ No. 23 gave evidence of the association of four 
chromosomes to give two disomes at the metaphase of the second 
division. From two to four tetrasomes were usually observed dur- 
ing the first dmsion. Anaphase of the first division of this plant 
was more regular than for most plants of the group (fig. 2, S). The 
chromosomes have been spread in drawing. Considering all 23 plants 
examined, there w^ere more tetravalent bodies than in the previous 
group. Only one plant exhibited disomes. The number of tetra- 
somes commoidy found ranged, from two to four, with four plants 
sometimes having as many as six or seven. There was more lagging 
near the end of the first division in this than in the preceding group. 
A division of 13 and 15 was observed in six plants; five spores were 
sometimes formed from one sporocyte. 

The six plants classified as “almost sterile” that were examined 
cytologically differed but little from the foregoing group. The irregu- 
larities were of the same type and appeared to be of about the same 
degree. One plant was found to have 70 percent of apparently good 
poUen. 

DISCUSSION 

As pointed out by Ness {9) and later by Longley and Darrow (7), 
the five fertile plants of the second generation of the cross wild dew- 
berry (Rubus trivialis) X Brilliant red raspberry (R, strigosus) behave 
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as a true sfjecies. Since the fertility is due to chromosome doubling 
in the hybrid Fi, the Nessber^ should be classed as an amphidiploid 
rather than as a true tetraploid. A second cross made by Ness with 
the same dewberry by Haymaker, R. neglectus Peck (occidentalis X 
strigosus)j appears to have doubled its chromosome complement in a 
first-generation plant in the same way. Plants of this fertile second 
generation were fertile with the Nessberry (9). 

It is of interest to note that there were only five fertile plants among 
a second generation otherwise highly sterile. Since the first hybrid 
generation must have had two genoms of seven chromosomes each 
it appears that the doubling most likely occmred at a time to pro- 
duce both egg and pollen grains of an Fi plant with two genomes — 
probably in a somatic cell during differentiation of a flower bud, 
possibly giving a sectorial chimera. If it had happened earlier a 
larger number of fertile second-generation plants would be expected; 
if later, sterile 3n plants would result. Some, indeed, may have had 
the triploid chromosome number. It is possible, of course, that these 
five plants were produced from the union of nonreduced gametes. 
This explanation seems to be less likely than the first because seeds 
from first-generation plants were sown 2 years in succession without 
the appearance of a single fertile plant. 

The four families under consideration represent backcrosses to the 
two parental species and an outcross to a distinct species, Rubus 
argutus (fig. 1). The first-generation plants of these later crosses 
would normally be expected to have the triploid c^omosome num- 
ber. This expectation seems to have been realized in each case with 
the exception of three plants of the backcross to the dewberry,^ which 
were fertile and of the maternal type — possibly due to accidental 
self-pollination. 

In two cases plants of a second generation of backcrosses to the 
two parental species have been available for study. Twenty-eight 
of the forty-two plants of the cross involving Rubus rubrisetus {R, trivia- 
Us) have a marked resemblance to this species. All of these plants 
examined are diploid. The large number of plants of this type 
suggests that they may have originated by the open pollination of 
F 2 plants with pollen from the wild dewberry, the egg contributing a 
haploid chromosome set. All exhibit hybrid characteristics and so 
must contain chromosomes, or at least portions of chromosomes, 
derived from the original red raspberry parent. In spite of the wide 
genetic differences between corresponding chi'omosomes (being 
derived from different sections of the genus) they are able to pair in 
these plants and behave otherydse in a fairly normal manner. The 
raspberry genes are obviously in the minority since the appearance 
of the plants is in striking contrast to that of the Fi of the cross R. 
trivialis X Brilliant, which also must have been diploid. Ness {9) 
reports that the raspberry type was very dominant in the Fi. 

The triploids in the backcross under consideration are of two types, 
one plant being very similar to the Nessberj^, and three plants favor- 
ing the dewberry but considerably more vigorous. The appearance 
of these types can be accounted for by supposing that they carry 
two genoms most or aU of whose genes come from the parent they 
favor. If the latter three plants result from pollen from Rubus 
trivialis, the egg would then have contributed two sets of chromo- 
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somes, a part of which must have been derived froni B. stngosus. If 
association can be taken to represent genetic similarity in this case 
one would assume that there are two complete genoms and possibly 
four additional clmomosomes that should be refen'ed to B. trinalis 
and three chromosomes deriving* largely from B. sirigosir^. In the case 
of the plant resembling the Nessberry parent one is tempted to 
assign two genoms to B. sirigosus and one to B,J.r}riaIis. 

Since the Nessberry regularh'^ has 14 pairs, it is reasonable, con- 
sidering the wide genetic differences between the parental species, 
to suppose that pahing is between genoms from the same species, 
with a resulting lack of opportunity for their moclification by crossing 
over between chi'omosomes of the two species involv^ed. The first 
generation of the backcross to the dewberry parent would then have 
two genoms derived from Bubus trivialis and one from B. strigosus. 
Plants with the triploid chi’omosome number obtained upon selling a 
triploid of this constitution would be expected to favor the wild dew- 
berry. The origin of no. 27, favoring the Nessberry is hard to explain. 
Its appearance, together with the Drosera type of pairing observed, 
strongly suggests that its chromosomal complement does consist of 
two genoms from strigosus and one from trivialis 

Plants with the tetraploid chromosome number appear in both 
second-generation families. This is also probably true in the F 2 of 
the crosses of Nessberry with the Hailsham raspberry and Early 
Harvest blackberry, since a portion of plants of these second genera- 
tions were highly fertile. Selection of plants of the Nessberry type 
accounts for the appearance, the fertility, and the chromosome num- 
ber of the later generations studied. 

The meiotic chromosome behavior of these later generation 28- 
chromosome plants differs from that of the Nessberry in two particulars. 
The association of four chromosomes is characteristic of the hetero- 
typic di\dsion and the degree of irregularity is much greater in the 
former group of plants. The first may result from the accumulation 
of more than two homologous chromosomes upon the formation of 
4?? plants from Sn individuals. The second is the natural result of 
the introduction of chromosomes from a distinct species together with 
the changed balance just noted. 

These conditions account for the variability found in the third and 
fourth generations under study in regard to general plant vigor and 
morphological characters. Since these depend upon the particular 
genetic combination obtaining in each plant and since the chromo- 
somal irregularity is probably dependent upon a more general effect 
of the chromosome complement, a close correlation between the degree 
of vigor and chromosome regularity is not to be expected. This 
seems, in some instances at least, to be true also of fertility and 
chromosome behavior. 

All of the crosses were made by Ness with the object of securing a 
berry combining the high quality of the red raspberries with the ability 
of the ^v^ld dewberry to withstand conditions of heat and drought, 
and, of course, the work was done without a knowledge of chromosome 
behavior in the hybrids. The possibility of chromosome doubling in 
a hybrid that is higldy sterile because of wide genetic differences 
between the parents is recognized as a means of extending the activities 
of the plant breeder. The idtimate effect is to complicate the breed- 
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ing behavior of the material through the use of parents vitli different 
chromosome numbers, through the apparent loss of important recessive 
characters where paiiing is only between chromosomes of corre- 
sponding genoms in the new amphidiploid, and through the fact that 
a larger number of chromosomes prevents simple segregation and 
recombination of characters observed in the original parents. The 
third and fourth generations of the Nessberry outcrosses discussed 
above are particularly good examples of the last point. Even in the 
fourth generation few plants exhibit a really stable chromosomal 
balance. Practically all characters show some influence of both par- 
ents. Where such chromosome doubhng has occurred, the breeder 
may expect a high degree of variabihty both as to degree of fertility 
and general somatic characters in using the material in outcrosses 
to secure more desirable combinations. 

SUMMARY 

A cytological study has been made of crosses involving the amphidi- 
ploid hybrid of a dewberry X red raspberry cross (the Nessberry) 
with the diploid dewberry parent and with two diploid raspberries and 
a blackberry. 

Plants with the diploid, triploid, and tetrapolid clrromosome number 
were foimd in the second generation of the dewberry backcross. A 
single diploid was of intermediate type; 28 diploids strongly favored 
the dewberry type and may represent outcrosses of the Fi to the wild 
species. The triploids were of two types, one plant favoring the Ness- 
berry and three plants nearer to the wild dewberry but more vigorous. 
Seven disomes plus seven single cliromosomes were found during the 
first division of the first triploid ; from tliree to four trisomes (occasion- 
ally more) can be distinguished in the second type. 

Plants of the third generation of the Nessberry X Hailsham red 
raspberry cross and plants of the F 4 of the Nessberry X Early Harvest 
blackberry cross all had the tetraploid chi’omosome number. This is 
probably due largely to selection of plants favoring the Nessberry in 
the second and third generations. Meiosis of these plants is distin- 
guished from that of the Nessberry by the frequent occurrence of 
multivalent association to give from one to as many as seven tetra- 
somes, and by considerably greater chromosomal irregularity during 
the reduction division. 

It seems likely that such association reflects genetic similarity 
among the associating chromosomes, since there has been an oppor- 
tunity for more than two corresponding cliromosomes of a genom to 
become segregated in a single plant. 

A wide variation in vigor observed among the plants of these later 
generations is probably due to genetic differences possible in the 
recombination of chromosomes from the three species involved. 

There was some correlation between clmomosome regularity at 
meiosis and degree of fertility, but the most sterile plants did not 
exhibit a greater degree of clmomosome irregularity than many less 
sterile. 

It is pointed out that a doubling of the chromosomal complement 
in a sterile hybrid greatly complicates its breeding behavior in subse- 
quent outcrosses. 
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BLACK CHAFF DISEASE OP WHEAT ^ 

By R. H. Bamberg - 

Agenty Division of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

Black chaff of wheat {Triticum aestivwmJu.j T, mlgare VilL), caused 
by Bacterium translucens var. undulosum Smith, Jones, and Reddy, 
has been present in the wheat-growing region of the Mississippi Valley 
for a number of years. Although it has become distributed generally 
throughout the central and upper Mississippi Valley, it usually does 
not become epidemic over large areas on the varieties commonly 
grovm. This sporadic occurrence of severe infection may be due to 
variations in environment. No extensive investigations have been 
made to determine what environmental conditions favor the develop- 
ment of epidemics of the disease, although the heaviest infections 
have occurred in wet seasons. In the hard red spring wheat area 
Hope and H-44, two varieties that have proved very resistant to 
stem rust, are being used extensively as parent stock in the bmeding 
of new disease-resistant varieties. Since these two varieties are 
among the most susceptible to black chaff, there is danger of ^ the 
disease becoming epidemic under favorable environmental conditions 
should selections obtained from crosses with these varieties, or with 
other susceptible ones, become widely grown. Therefore, it is evi- 
dently desirable to know the susceptibiJity or resistance of the new 
varieties and hybrid selections grown. However, in order to test 
most effectively varieties and hybrid selections for their reaction to 
black chaff by means of artificial epidemics, it is necessary to know 
the environmental conditions most favorable for the production of 
an epidemic and the life history and physiologic specialization of the 
pathogen. 

GEOGRAPHIC DISTRIBUTION AND ECONOMIC IMPORTANCE 

The black chaff disease of wheat is widely distributed, occurring 
rather generally in many of the principal wheat-producing coxmtries 
of the world. In North America it is known to occur in the United 
States, Canada, and Mexico. The first record of its presence in the 
United States was probably made by Heald {lOY in 1906, when he 

1 Received for publication Sept. 20, 1935; issued April 1936. Cooperative investigations of tbe Division 
of Cereal Crops and Diseases. Bureau of Plant Industry, IT. S. Department of Agriculture, and the Minne- 
sota Agricultural Experiment Station. Paper No 1344 of the Journal Series of the Minnesota Agricultural 
Experiment Station. Presented to the faculty of the Graduate School of the University of Minnesota in 
partial fulfillment of the requirements for the degree of doctor of philosophy. 

a The writer gratefully acknowledges his Indebtedness to the following members of the staff of the Minne- 
sota Agricultural Experiment Station: Dr. E. C. Stakman, under whose direction these investigations 
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Leach for help in tbe preparation of the manuscript. 
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briefly called attention to a bacterial blight of the leaves of wheat in 
the breeding plot at the Nebraska Agricultural Experiment Station 
that year. Since that time it has been found throughout the Missis- 
sippi Valley and in California (19),'^^ Bisby_ and Buller (2) first 
reported the presence of black chaff in Canada in 1922. Drayton (6) 
stated that it occurred there in 1923 and 1924, and Greaney (8) found 
it in iSrlanitoba every year from 1926 to 1929. During the summer 
of 1931 the writer received from Mexico specimens of wheat affected 
by a disease which he identified as black clia,ff. The specimens were 
collected by H. G. Ukkelberg in the State of Coahuila. Other speci- 
mens were received in April 1933 from Wallace Butler from the 
State of Nuevo Le6n. 

Jaczewski (12) first reported black chaff in Europe in 1925. He 
found it on wheat samples collected as early as 1910 and 1911 from 
the Provinces of Mohilev in Belorossia and Elisa vetopol in Crimea. 
He also found it on samples from the Province of Poltava in Ulcraine 
collected in 1916, from Crimea in 1922, and from Kharkov and Kiev 
in 1924. It was also found in the Pro^dnces of Voronezh and Don, 
and the district of Kuban in Caucasia. MUlasseau (10) first noted 
the disease in France in 1927. He found it rather generally dis- 
tributed in the area around Paris. The next year (1928) Hocquette 
(11) found it at Cappelle, in the Department of Nord, which is adjacent 
to Belgium, ^ and Marchal {15) found it in Belgium in 1929. 

Jaczewsla {12) gave evidence of the occurrence of the disease in 
Asia as early as 1893. He found black chaff on specimens of wheat 
collected in Sungpan, China, in that year. No other reports of the 
disease in Asia have been found. 

The first report of the occurrence of black chaff in Africa appeared 
in 1930. Verwoerd {22) found a bacterial disease on wheat in the 
plots at the College Cereal Experiment Station, Malmesbury, South 
Africa, in 1929, which he later identified as black chaff. Burton {4^ 
Bept. 1930) noted the occurrence of the disease in Kenya, British 
East Africa, in 1930. 

Published data regarding the losses in yield and quality of gi’ain 
due to black chaff are limited. The reports that have appeared have 
mostly been estimates of losses over large areas without experimental 
data giving comparative yields of infected and uninfected plants. 
Burton (4, Bept, 1931) reported that a number of varieties in yield 
trials in 193 1 were completely destroyed by the disease. Waldron {23) 
made a comparison between the weight of grain from infected and 
noninfected plants in a number of F^ families from crosses of Hope 
with other varieties. He found that there was a decrease in the 
weight of the grain from the infected plants and that as an average of 
several famihes the decrease was 10.5 percent. Evidently, the 
amount of loss that would be caused by the disease depends upon the 
time and severity of infection. The writer has found that where there 
is severe mfection part of the spikelets are often barren and the more 
severely infected culms may be entirely barren. 


HISTORICAL REVIEW 


^ 1906, Heald (10) recorded the occurrence of a bacterial 
blight of w heat m the breeding plot at the Nebraska Agricultural 
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Experiment Station. Although he gave no description of the diseased 
except to say that it was a bacterial blight of the leaves, it probably 
was black chaff. Jones, Johnson, and Reddy in 1916 {13) called 
attention to a bacterial blight of wheat, which they found to be 
similar to or identical with a disease of barley that they called bacte- 
rial blight. They stated that the symptoms of the two diseases and 
the cultural characters of the causal organisms appeared to be identi- 
cal. Although their description of the symptoms of barley blight 
was brief, it was accurate enough to leave no doubt that the disease 
which they found on wheat was the same as that later described by 
Smith {19) as black chaff. 

Smith (i^), in 1917, described the disease very clearly as it appears 
on the glumes of wheat, especially on ripening grain, but he did not 
point out definitely the symptoms on seedlings or on the parts of older 
plants other than the glumes. In a note written later in the same 
year he reported that he had been able to obtain a high percentage of 
seedling infection with artificial inoculations and that he had isolated 
the pathogen from diseased leaves, stems, glumes, and kernels.® He 
found bacteria in great numbers in corroded cavities in the interior of 
shiiveled grain and he beheved that the general appearance of the 
pathogen in and on the wheat grains suggested that the organism 
might live over from one year to the next on infected seed. The 
following year (1918) he obtained what he considered evidence sub- 
stantiating this belief and suggested the following methods of ridding 
the seed of this hold-over inoculumff (1) Screening to remove the 
shriveled grain containing the bacterial cavities and (2) treating the 
seed grain with 1 : 1,000 copper sulphate solution to destroy the 
surface bacteria. 

Braun {S) presented very strong evidence that seedling infection 
occurred in Kansas in 1919 in fields planted to seed from infected 
fields, and that the seedling infection there was greatly reduced or 
entirely eliminated by treating the infected seed with formalin or 
copper sulphate. 

idthough the bacterial nature of the black chaff pathogen had been 
known for several years, no description of the organism or its host 
range was available before that given by Smith, Jones, and Reddy {20) 
in 1919. In morphology, physiology, and cultural characteristics 
they found it to be almost identical with Bacterium translucem, the 
pathogen of bacterial blight of barley, as described by Jones, Johnson, 
and Reddy {14)- The principal difference between the wheat and 
barley organisms was in pathogenicity. In cross inoculations on the 
leaves of seedlings the barley pathogen was either noninfectious on 
wReat or produced small nontypical lesions, while the wdieat pathogen 
w^as almost as pathogenic on barley as on wheat and the lesions pro- 
duced on barley by the tw^o organisms *were indistinguishable. 

OBJECTS OF THE INVESTIGATIONS 

The specific objects of these investigations were to study: (1) The 
factors which contribute to the production of an epidemic, (2) the 
life history of the causal organism, (3) the method of overwintering 


« Smith, E. F black chaff of wheat. U. S. Bept. Agr., Bur. Plant Indus. Plant Disease Survey 
Bull. 1: 40. 1917. [Mimeographed.] 

7 Smith, E. F. See footnote 4. 
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of the organism, (4) varietal susceptibility, and (5) the specificity of 
pathogenicity of the causal organism. 

MATERIAL AND METHODS 

In the fall of 1929, a culture of the pathogen of black chaff of 
wheat was obtained from Dr. Delia Johnson, who had made the isola- 
tion from diseased wheat gTOwn at University Farm, St. Paul, Minn , 
in 1929. For convenience this isolate has been called culture AI. 
Another culture was received from A. G. Johnson, of the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture, Washington, D. C. This was 
designated as culture W. 

During the early siunmer of 1931 sectors appeared in old colonies 
of cultures M and W growing on potato-dextrose agar in^ Erlenmeyer 
flasks. These sectors differed from the original colonies in color, vis- 
cosity, and rate of growth. Transfers were made from these sectors 
by removing a sniaU amount of bacterial growth from the margin to 
fresh agar slants with the end of a fl.amed needle. With this pro- 
cedure three new cultures of the organism were obtained, one as a 
sector from culture and two as sectors from culture W. These 
were designated as M-1, W-1, and W-2, respectively. 

The culture medium used for stock cultures and all experimental 
work, unless otherwise stated, was potato-dextrose agar (1 percent of 
dextrose and 1.5 percent of Bacto-agar).^ 

Stock cultures of the black chaff organism were kept on agar slants, 
either at room temperature in the laboratory or in an ice box. Trans- 
fers were usually made at 2- to 4-week intervals to keep a supply of 
vigorously growing cultm-es on hand. After being kept in the labora- 
tory for approximately 3 weeks during parts of July and August 1931, 
cultures and W failed to grow when transferred to fresh agar slants, 
so these were no longer available for experimental work. All efforts 
to revive them with various culture media failed. However, cultures 
M-1, W-1, and W-2 did resume growth when transferred to fresh 
agar slants and these were used as inoculum for later pathogenicity 
and cultural studies. 

Water suspensions of the bacteiia were used as inoculum. These 
suspensions were made by scraping into tap water the bacterial growth 
from fresh colonies growing on agar slants. Usually cultures 72 to 
96 hoxirs old were used, and enough of the bacterial growth was put 
into the water to make a heavily clouded suspension. 

When the writer began work on black chaff in the fall of 1929 no 
method of inoculating the plants with the pathogen had been described 
which was suitable for greenhouse expermients. Therefore, one of 
the first problems was to develop a method of inoculation for such 
work. Three different methods of inoculation were used: (1) Spray- 
ing the plants thoroughly with the bacterial suspension by means of 
an atonuzer; (2) rubbing the suspension on the leaves with the fingers; 
(3) forcing the inoculum into the leaf roll of young plants or into the 
boot of older plants with a hypodermic syringe. 

Spraying plants with suspensions of the bacteria in water or nutrient 
broth usually gave poor results, even when the plants were kept in 
moist chambers for 48 hours after inoculation. This was probably 
due to the fact that the inoculum w^hich remained on the surface of 
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the plants and even the bacteria which had entered the substomatal 
cavities were quickly dried out and theii* further advance into the host 
checked by the low humidity existing in the greenhouse in cold 
weather. On the other hand, it was sometimes deshable to place 
these plants immediately after inoculation, vithout incubation in 
moist chambers, under the conditions in wliich they were to be grown. 
In such cases no infection resulted from the spraymg method of inocu- 
lation. Likevdse, when the inoculum was rubbed on the leaves with 
the fingers the results were either negative or not consistent enough 
to be rehable. 

The most successful method found was that of introducing the 
inoculum into the leaf roll by means of a veiy small needle on a 
hypodermic syringe. The injections were made b^^ sticldng the point 
of the needle into, but only partially through, the leaf roll at an angle, 
the beveled side of the point being held toward the plant. In this 
way one or more injections could be made with little injuiy to the 
plant. At each inj ection several punctures were usually made through 
one or more of the rolled leaves, thus injuring several surfaces for the 
bacteria to attack. Whether seedlings or older plants wei'e used, a 
quantity of inoculum could be forced between the rolled leaves and 
even out of the top of the spiral. Thus the leaf roll served as a moist 
chamber, protecting the inoculum from desiccation. Hereafter this 
method will be referred to as “hypodermic inoculation.^’ It was the 
method used for all experimental inoculations unless otherwise stated. 

ETIOLOGY 

DESCRIPTION OP CAUSAL ORGANISM 

Black chaff of wheat is caused by Bacterium translucens var. un- 
dnlosum Smith, Jones, and Reddy. This organism is a monotrichous 
rod; hence the genus corresponds to Migula’s Pseudomonas and the 
Society of American Bacteriologists’ Phytomonas. Smith, Jones, and 
Reddy {20) did not give in detail the physiologic and cultural char- 
acteristics for this new variety but stated that in genera] they were 
the same as those described for Pact, translucens.^ The only excep- 
tion noted w^as that on whey agar the slime produced by the wheat 
pathogen was a deeper yellow and less fluid than that produced by 
the barley pathogen. This difference might not have held if they 
had made comparative studies with a number of isolations of the two 
organisms. The vuiter foxmd wide variations in the color and vis- 
cosity of the bacterial growth among the five cultures (hi, W, M-1, 
W-1, and W-2) within the variety Bact. translucens undulosum. On 
agar slants culture M was sfightly deeper yellow and produced less 
fluid slime than cultm'e W. However, M-1 was very light yellow 
and produced little slime. Cultures W-1 and W-2 were very similar 
to their parent culture, W, except for a sfightly deeper yellow color. 
Since the writer found that color of colonies and fluidity of slime are 
not constant characters vfith Bact. translucens var. undulosum, he does 
not consider these characters a good basis for diflerentiating between 
Bact. translucens and Bact. translucens var. undulosum. 

Two other difterences betw^een the two organisms were described 
by GodMn {6). He found that within the colonies of both bacteria 

8 Johnston, G. 0. diseases of wheat in Pennsylvania and Kansas. U. S. Dept. Agr., Bur. Plant 
Indus. Plant Disease Reptr. 13: 86. 1929. [Mimeograplied.] 
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there were minute undulations or striations, as had been pre^dously 
described for Bacterium iranslucens var. undulosum {20)^ but that 
they were more pronounced and appeared sooner in colonies of Bact, 
iranslucens var. undulosum. than in colonies of Bact. iranslucens. The 
writer was unable to get authentic cultures of Bad. iranslucens to 
make comparisons wdth Bact. iranslucens var. undulosum in this 
respect. 

The other difference which Godkin found between the two organ- 
isms was in their action on lactose. He stated that, in beef bouillon 
plus lactose, Bacterium iranslucens var. undulosum produced an acid 
reaction while Bact. iranslucens produced an alkaline reaction.^ These 
results are only in partial agreement with the results obtained by 
the writer. When grown on beef bouillon plus lactose, culture W 
and cultmes W— 1 and W-2, which arose as sectors from culture W, 
either produced an acid reaction or caused no change in the reaction 
of the medium. In two out of three trials culture W caused no change 
of reaction in the medium, while in the third trial it produced an acid 
reaction. No change of reaction was evident in the single trial with 
W-1 and W-2. In all the trials Avith sugars, from 6 to 10 tubes of 
the medium were inoculated in each case, and 4 tubes were left sterile 
as checks. On beef bouillon plus lactose, cultures M and M-1 pro- 
duced an alkaline reaction or no change. In two out of three cases 
there was no change in the reaction caused by M, but in one trial with 
M and in the sin^e trial made with M-1 there was a definite change 
to alkalinity. To the writer, these conflicting results indicate that 
Bact. iranslucens var. undulosum does not cause a specific reaction 
when grown on beef bouillon plus lactose, but rather that certain 
isolations of the organism may produce acid while others produce 
alkali. It is not strange that isolations of this organism should differ 
in this characteristic, because, as will be shown later, they differ in 
other respects. Since neither Jones, Johnson, and Reddy (14) nor 
Smith, Jones, and Reddy (20) recorded a difference in action on 
lactose between the two organisms, it seems likely that in this respe<fi 
the cultm^es with which they worked were very similar to each other 
but different from the cultures used by Godldn. 

RELATION OP ORGANISM TO HOST TISSUE 

The writer was tmable to find any report of work having been done 
to determine how the^ pathogen enters the host or what part of the 
tissues it attacks. Millasseau (16) made tlie statement that the bac- 
teria are vdtliin the tissues of the host in older lesions, but he did not 
say whether they were intercellular or intracellular. Jones, Johnson, 
and Reddy (14) found that infection by Bacterium iranslucens was 
stomatal and that the bacteria invaded the interccllnlar spaces of 
the parenchyma in the early development of lesions. Instances of 
advanced invasion were found where the cell walls had partially dis- 
appeared. Their results are very similar to those obtained by the 
writer with Bact. iranslucens var. undulosum. 

Bacterium iranslucens var. undulosum enters the host plant by way 
of the stomata and through wounds. Fresh leaves from inoculated 
wheat seedlings were dipped for a few minutes in a staining solution 
made up of 0.1 percent of thionine in 50-percent alcohol. The seed- 
lings had been inoculated by spraying them with a water suspension 
of the bacteria and had been kept in moist chambers either 24 or 48 
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hours before being used. Examination of these leaves with the low 
power of a microscope showed masses of deeply stained material just 
beneath many of the stomata. When razor sections were cut from 
the infected areas and examinations made with higher magnification, 
these masses were found to be bacteria. Some of the bacteria had 
evidently got through the stomata and multiplied in the substomatal 
cavities. Many bacteria were found on the surface of the epidermis 
of the sprayed leaves, but there was no sign of entrance and multipli- 
cation except beneath the stomata. However, where punctures had 
been made masses of bacteria were found around the margin of the 
punctures, shoving that they may also attack the host tissues in 
places where the epidermis is broken. 

In order to find out what part of the tissues was attacked older 
lesions were embedded in paraflfin and sectioned. The sections were 
stained with thionine and orange G. In these lesions the bacteria 
were both intercellular and intracellular. There were masses of 
bacteria in many of the parenchyma cells, but the vessels appeared to 
be free from invasion. In the infected areas the intercellular spaces 
were filled with bacteria and part of the cells were crowded out of 
shape. Some of the cell walls were completely broken down and the 
cell contents replaced with masses of bacteria, but bacteria were 
observed also in certain other cells the walls of which apparently were 
not greatly injured. 

SYMPTOMS OF THE DISEASE 

The most conspicuous signs of the disease appear on the glumes and 
awns, but Smith { 19 ) has already given a good description of this 
phase of the disease. However, his description of the lesions on the 
leaves, culms, and rachises was too brief and indefinite to be of much 
use in recognizing the disease. Thecefore, the symptoms on these 
parts are given. 

LEAVES 

The first evidence of the disease on the leaves is very small, water- 
soaked, dark-green spots which may be on the midrib or on any part 
of the leaf blade. On plants that have been artificially inoculated 
by forcing the inoculum into the leaf roll \vith a hypodermic needle, 
the infection usually appears first at the margins of the punctures 
made by the needle. On plants that have been inocidated by spray- 
ing inoculum on the leaves or by rubbing it on with the fingers and 
keeping the plants in moist chambers for 24 hours, the infection spots 
result from stomatal infections. These infection spots enlarge with 
the progress of the pathogen through the host tissues, mostly longi- 
tudinally, thus giving the older lesions an irregularly streaked appear- 
ance, The leaf veins usually check partially or entirely the lateral 
advance of the pathogen. The lesions may be limited by two ad- 
jacent leaf veins or they may involve the entire width of the leaf, in 
which cases those parts of the leaf beyond the infected areas soon 
wilt and die. The infection may progress only a millimeter or two 
lengthwise of the leaf, or it may extend out to the tip of the leaf or 
down to the ligule and even down the leaf sheath. The infected 
tissues gradually lose their water-soaked dark-green color and become 
more transparent and chlorotic. Older lesions often become dark 
yellow or brown and may be streaked with black. Entire lesions 
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sometimes become black. Under moist conditions exudate appears 
on the fresh lesions and may dry down into a thin scale or into small 
hard yellowish beads. 

CULMS AND RACHISES 

Light brown to black sunken streaks appear on the rachises and 
on the necks of the culms for some distance below the spilves. These 
may be narrow and scattered around the culm or they may^ coalesce 
and daiLen the whole circumference of the stem. Similar lesions may 
appear just below the nodes, especially the lower nodes, of the culms. 
These infected areas near the nodes appear as discolored bands and 
may be either entire or made up of many narrow streak lesions. 

Apparently the appearance of the disease may vary on different 
varieties of wheat. Some varieties, especially Hope and H-44, are 
frequently attacked at or near the lower nodes of the culms without 
showing the disease on the heads and necks. In other cases, infection 
on these varieties may be general throughout the length of the culm. 
Other varieties are infected much more commonly on the necks and 
floral parts without any nodal infection. 

GREENHOUSE AND LABORATORY EXPERIMENTS 

INFLUENCE OF ENVIRONMENT ON DEVELOPMENT OF THE ORGANISM IN CULTURE 

Temperature 

As a preliminary step to the determination of the temperature at 
which the black chaff organism was most virulent, it was thought 
desirable to find the cardinal temperatures for its growth on culture 
media. Petri dishes 100 mm in diameter, containing 20 cc of agar, 
were inoculated in the center from a fresh transfer of culture M. 
Care was taken to get as nearly as possible the same amount of inocu- 
lum on each agar plate. Ten plates were then put at each of several 
temperatxires from 0° to 40° C. The relative growths at the diflerent 
temperatui'es were measured by taking the mean diameters of the 
colonies on three different dates. A few contaminated plates were 
discarded, but in no case were there fewer than eight colonies for 
measurement at any temperature. The experiment was repeated 
within a few days, and the average diameters of the colonies grown 
at the different temperatures are given in table 1. 


Table 1. — Effect of temperainre on groivili of Bacterium ivansluccns var. undvlosum 

on potaio-dexirose agar 


Temperature 

Col- 

Average diameter of 
colonies m — 

Temperature 

CC.) 

Col- 

Average diameter of 
colonies in— 

(® C.) 


2 days 

4 days 

7 days 

onies 

2 days 

4 days 

7 days 


Number \ 

Mm 

Mm 

Mm 


Number 

Mm 

Mm 

Mm 

0 

19 

0. 00 

0.00 

! 0 00 

25 

17 

1 80 

4.74 

7. 65 

10. - 

18 

.00 

.10 

1 .44 

30 

19 

2.19 

6. 65 

8. 74 

15 

17 

.00 

.63 

1.62 

36 

18 

.48 

1.02 

.98 

20 

IS 

,67 

3.39 

6.03 

40. 

20 

0) 

0) 


1 Very slight growth on only 3 plates. 


From the results given in table 1 it is evident that Bacterium 
translucens var. undmosum grows best in culture at a high temper- 
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atui’e, probably slightly below 30*^ C., and also that it grows rapidly 
at temperatures ranging from 20° to 30°. The minimum temperatui’e 
at which it wUl grow is somewhat less than 10° and the maximum 
approximately 40°. 

Very small colonies appeared on some of the plates kept at 40° C. 
and remained for a few days, but by the seventh day the agar in the 
dishes had dried out so much at this high temperature that the colonies 
also had almost entirely dried up. 

Humidity 

The fact that black chaff is more prevalent and that the pathogen 
progresses through the tissues of the host more rapidly in wet weather 
than in dry suggested the possibility that humidity might be one of 
the controlling factors in the development of the disease- Experiments 
were made to determine the effect of different degrees of relative 
humidity of the smTounding atmosphere on the growth of the organ- 
ism on culture media. Fresh agar slants were inoculated by touching 
the end of a flamed needle to a 4S-hom'-old colony of W-2 and then 
touching the adhering bacteria to the agar. Five tubes were kept 
at each of several constant relative humidities between 10 and 100 
percent. The constant humidities were maintained by the use of 
aqueous solutions of sulphuric acid of known specific gravity. The 
different concentrations of acid for the maintenance of relative 
humidity of different percentages were made up according to the 
table given by Stevens (£1), Seventy-five cubic centimeters of each 
concentration of acid were put in the bottom of rectangular glass 
dishes, approximately 9 by 19 cm and 6 cm deep. The inoculated 
test tubes were then put in the dishes above the acid; glass slides on 
Syracuse dishes were used to keep the tubes out of the acid. The 
loose cotton plugs were removed from three of the five tubes before 
the covers were sealed on the dishes with vaseline. The cultures 
were grown at laboratory temperature (approximately 21° to 25° C.). 
The writer reahzes that the bacteria themselves were not exposed to 
the relative himiidity maintained in the surrounding atmosphere 
and that the effects on growth may have been a function of the rate 
of drying. Since there was no noticeable difference in rate of growth 
between the colonies in the tubes with and without the loose cotton 
plugs, no differentiation is made in table 2. 

Table 2.—^Ejffect of humidity on the groxoth of Bacterium translucens var. undulosuni 

in culture 


Relative 

humidity 

(percent) 

Relative growth i 
at— 

1 

Relative i 

humidity 

(percent) 

Relative grovd;h i 
at— 

Relative 

humidity 

(percent) 

i 

Relative growth i 
at— 

Labo- 
ratory 
tem- 
pera- 
ture 3 

22° C. 

27® C. 

Labo- 

ratory 

tem- 

pera- 

ture* 

22® C. 

1 

i 

27® C. 

Labo- 
ratory 
tem- 
pera- 
ture 2 

|22®C 

27® C. 

100 

5 

i 


fio 

6 

4 

5 

30 

2 

0 

0 

90. 




60 

4 

3 

4 

20 


0 

0 

80 

5 



40 


2 

4 

10 

1 

0 

0 

70 

5 



1 








i 



1 The numbers 0 to 5 designate the relative amounts of bacterial growth at the different percentages of 
relative humidity. 

3 Approximately 21® to 25 ° C. 



406 


Journal of Agricultural Jtesearch 


Vol. 62, no. 6 


Since there were no differences in rate of growth on the medium at 
relative humidities of 60 percent or above and no cultures were held 
at the humidities of 40 and 20 percent, the experiment was repeated 
with humidities of 60, 50, 40, 30, 20, and 10 percent and constant 
temperatures of 22^^ and 27° C. Eight cultures were used in each 
dish in these trials, and the cotton plugs were removed from all after 
they had been placed in the dishes. Table 2 shows the relative 
amoimts of growth on the agar slants at these temperatures and 
relative humidity percentages after 10 days. 

It is evident from these results that a high relative humidity of 
the air surrounding the colonies is conducive to the most rapid growth 
of the black chaff organism on culture media. It is also evident that 
very low relative humidities may greatly retard or prohibit the 
development of colonies. 

INFLUENCE OF TEMPERATURE ON INCUBATION PERIOD 

The time requii'ed for the appearance of the first signs of black 
chaff after inoculation varied with the conditions under which the 
plants were kept. The usual incubation period for the disease on 
wheat seedlings was from 5 to 8 days w^hen the temperature of the 
greenhouse was normal (about 18° to 22° C.) and the plants were 
kept in moist chambers for 48 hoius after inoculation, but under 
optimum conditions for the development of the bacteria the incuba- 
tion period was shortened. On at least two different occasions, when 
the temperature of the greenhouse was much higher during the day, 
well-defined lesions were present when the plants were removed from 
the moist chambers 48 hours after inoculation. When the plants 
were kept in a controlled-temperature room at 10°, the earliest signs 
of infection appeared 8 days after inoculation, and the average 
incubation period w^as from 15 to 20 days. At a controlled tempera- 
ture of 20°, the earliest signs of infection appeared in 2 days after 
inoculation, and the average incubation period was from 5 to 7 days. 

INFLUENCE OF ENVIRONMENT ON ADVANCE OF THE PATHOGEN AND 
ON SYMPTOMS 

The length of the period of incubation is not the only phase in the 
development of the disease which is affected by environment. The 
rate of advance of the pathogen through the host tissues, the total 
amoimt of the host tissue finally affected, and the appearance of the 
older lesions are also affected by the conditions under which the plants 
are grown. 

Temperature 

A series of experiments were made in which the plants were placed 
at different temperatures and different light intensities immediately 
after inoculation. Hope and Kanred plants were used in the experi- 
ments, but, since there were no appreciable differences between these 
varieties in percentage of plants infected or in size and appearance 
of the lesions, the varieties are discussed as one. The conditions 
under which the plants were tested after the inoculation were as 
follows: (1) One series of the plants was kept in a controlled-tempera- 
ture room at 10° C. and lighted by a single 1,000-watt lamp placed 
6 to 8 feet away from the plants; (2) another series was kept at a 
controlled temperature of 20° and lighted by a single 1,000-watt 
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lamp placed 8 to 10 feet from the plants; (3) the remainder of the 
plants, immediately after inoculation, were moved to a greenhouse 
bench where they received all the available sunlight and where the 
temperature varied from approximately 20° to 30°. The amount 
of infection obtained in the several trials under the three sets of 
conditions is summarized in table 3. 


Table 3 — Effect of temperature and light during incubation period on infection 
of wheat by Bacterium translucens var. undulosum 


Environmental conditions 

Plants 

moeu- 

Plants 

infected 

i 

Length of 
lesions on 
j seedling 
plants 

Notes on adult plants 

Place 


Tem- 

per- 

ature 

Lightmg 

1 lated 

Aver- 

age 

Maxi- 

mum 

Control chain- j 

j 

® C 

f 

1,000-watt lamp at 
distance of G to 8 
ft. 

Num- 

ber 

235 

Num- 

ber 

176 

Per- 

cent 

74.8 

Mm 

1-2 

Mm 

4-5 

Lesions showed no black 
striping and no dark- 
ening. 

bets. 

1 

1 20 

1,000-watt lamp at 
distance of 8 to 10 
ft. 

214 

i 

187 

87.3 

1 10-15 

20-30 ; 

One plant showed slight 
pigmentation of le- 
sions on 2 or 3 glumes 
after 30 days. 

Greenhouse 


20-30 

All available sun- 
light 

324 

264 

81 4 


(2; 

Lesions showed typical 
dark-brown or black 
striping within 14 to 
21 days. 


* Long water-soaked infected areas in 30 days. 

2 Some lesions e\tended entire length of leaves. 


From the results obtained from these experiments the writer 
concluded the temperature at which the plants are grown is not one 
of the most important factors determining the percentage of plants 
that become infected. It can be readily seen from table 3 that there 
are no striking differences in the relative number of plants infected 
at 10° or 20° C. or at higher temperatures in the greenhouse. How- 
ever, the size of the lesions or the amount of host tissue attacked by 
the pathogen within a given time was influenced by temperature. 
At 10° the infected areas on seedling plants were very small even 
after 30 days; the average lesions were only 1 to 2 mm long, and the 
longest only 4 to 5 mm. At 20°, on plants of the same age, there were 
long water-soaked infected areas in 30 days, the lesions averaging 
10 to 15 mm in length, with some as long as 20 to 30 mm. In the 
greenhouse some of the lesions on the plants extended the entire 
length of the leaves. 

Light 

Light intensity plays a role in determining the appearance of the 
older lesions on diseased plants. Lesions on adult plants kept in 
the controlled-temperature chambers at 10° and 20° C. under artificial 
illumination did not show the black striping typical of the lesions on 
plants approaching maturity in the field. One plant out of more than 
100 that had been kept in the 20° room for 30 days showed a slight 
pigmentation of the lesions on two or three glumes. At 10° there 
was no darkening of the lesions on any of the plants. Almost all the 
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lesions on adult plants kept on the greenhouse bench after inoculation 
showed the typical dark-brown or black striping witliin 14 to 21 
days. 

VIABILITY OP THE BACTERIA UNDER ADVERSE CONDITIONS 

Although Smith and his associates {20) suggested that one source 
of inoculum for spring infection might be bacteria found in the refuse 
and stubble left on infected fields, they presented no evidence that 
the bacteria could ^vdthstand the adverse conditions to which they 
would be subjected under natural conditions out of doors during the 
winter and early spring before host plants were available for attack. 
In order to find out whether the black chaff organism could suiwive 
the adversities of winter, the writer made some experiments during 
the winter and spring of 1932-33. 

Forty-eight-hour-old colonies of culture W-2 on agar slants were 
put outside on the ground in an exposed place on December 1 5. Trans- 
fers to fresh agar slants were made from these colonies on December 
30. In every case vigorous growth, which appeared to be the same 
as the original cultm’e, appeared on the fresh agar slants. Later 
pathogenicity tests proved that the new growth was Bacterium 
translucens var. undulosum. During the time the cultures were 
exposed the temperatm*e ranged from —27.8° to 11° C., showing 
that freezing temperatui’es do not quicldy kill the bacteria, at least 
when on artificial media. Other cultures on agar were put under 
similar conditions December 15, 1932, and transfers were made at 
intervals up to April 18, 1933. Transfers made on that date, 124 
days after exposure, grew ^dgorously. 

In order to find out whether the bacteria could withstand adverse 
conditions approximating those to which they are subjected in wheat 
fields during the winter, the following experiment was made. Bac- 
terial growth from 48-hour-old cultures of W-2 was transferred to a 
number of small Erlenmeyer flasks half filled with steamed sod, the 
steaming having been done in the autoclave at 15 pounds pressure 
for 1 hour after the soil had been put into the flasks. Some of the 
flasks contained dry soil and some wet. The soil inoculations were 
made by placing one loop of the bacterial growth into each flask with 
a flamed needle and shaking the flask imtil the bacteria were thorough- 
ly mixed through the soil. Some of these flasks WTU*e put outside and 
exposed to cold and changing temperatures on December 15, and 
some were kept in the laboratory. At irregular intervals, beginning 
2 days after inoculation, one flask each of the wet and of the dry soil 
was brought into the laboratory and transfers were made from them 
to agar slants. Transfers were also made from the flasks kept in 
the laboratory, by removing with a flamed needle one or two loops 
of the soil from each flask to the agar. Table 4 gives the results of 
the transfers after different lengths of exposure and shows definitely 
that Bacterium translucens var. undulosum may remain viable through 
a long period, of continued exposure to low temperatures and to al- 
ternate freezing and thawing, conditions so detrimental to many 
micro-organisms. During the 124 days the cultures were left outside, 
the temperature ranged from —33.3° to 20° C. 

Other soil cultures of the organism were put in a controlled-tem- 
perature room at — 12° C. on January 31, 1933, and transfers were 
made from these at intervals until April 18. Vigorous growth was 
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obtained from these transfers on every date they were made. Dur- 
ing the same period other soil cultures were kept in the laboratory", 
where the relative humidity was veiy low. Since the flasks were 
covered only with cotton plugs, the soil became very dry. However, 
bacteria remained viable in the diy soil throughout the 77-day 
period. 


Table 4. — Viability of Bacterium iranslucens var. undulosmii in soil cultures 
after exposure to normal temperatures ^ out of doors between Dec. 15, 193S, and 
Apr. 18, 1933, at St. Paul, Minn., as determined by transfers to agar slants ^ 


Date of transfer to 

Days 

Condition of soil 

Date of transfer to 

Days 

Condition of soil 

agar slant 

exposed 

Moist 

Dry 

agar slant 

exposed 

Moist 

Dry 

1932 

Dee 17 

2 

+ 

+ 

1933 I 

Jan. 6 

22 

-f 

+ 

+ 

Dee 20 

5 

+ 

+ 

Feb. 6.__ 

53 

- 1 - 

Dec 3Q-_ - 

15 


Mar 21 

96 

- 1 - 

-f 




Apr. 18 

124 

+■ 

+ 


1 Ranging from —33 3° to 20° C. 

2 Plus and minus signs denote whether or not transfers from soil cultures to agar slants grew. 


These results indicate that Bacterium iranslucens var. undulosum is 
able to withstand adverse environmental conditions for considerable 
periods of time. 

FIELD OBSERVATIONS AND EXPERIMENTS 

OCCURRENCE OF THE DISEASE IN RELATION TO AGE OP HOST 

Black chaff of wheat does not ordinarily appear in Minnesota until 
the plants are headed out. The progress of the disease was carefully 
observed in experimental plots at University Harm during 1930, 1931, 
and 1932. In an extensive field trial at Abilene, Kans., in 1919 
Braun (S) observed as high as 10.5 percent seedling infection in a 
field of Kanred wheat that had been sown with seed from a field 
heavily infected with black chaff the year before. The writer has 
been unable to find any evidence of infection on wheat plants before 
they had reached the booting stage, except on plants that had been 
inoculated experimentally. Seed saved from plants heavily infected 
with black chaff in 1930 and 1931, was sown the following yearn (1931 
and 1932) in plots parallel with plots soym to seed from uninfected 
plants. Thousands of plants were examined, but no seedling infec- 
tion was foimd in these plots either in 1931 or in 1932. Later in the 
season, after the plants had headed, some black chaff developed, but 
there was no noticeable difference in the amount of infection in the 
plots from infected and noninfected seed. During the winters of 
1931-32 and 1932-33 seed saved from infected plants and seed 
inoculated with cultures of the black chaff organism were planted in 
pots in the greenhouse. These pots were kept in moist chambers 
untilithe plants were 3 or 4 inches high, but no signs of black chaff 
infection appeared. 

ENVIRONMENTAL IljI^T^UENCE ON EPIDEMIOLOGY OF THE DISEASE 

Continued periods of wet weather favor the development of an 
epidemic of black chaff. Salmon and Throckmorton {18) reported 
that the disease is often prevalent in Kansas in wet seasons. John- 
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ston ^ also reported that wet weather favored the disease. These 
reports are in agreement with observations made by the writer, 
particularly when the relative humidity is taken into consideration. 
In 1928 and 1929, particularly in 1928, there were fairly severe 
epidemics of the disease at University Fann, wliile during the sea- 
sons 1930, 1931, and 1932 there wm^e unusually light infections. 
Since black chad does not usually appear there until wheat is ap- 
proaching maturity, only the weather conditions existing during Juno 
and July will be discussed in relation to the development of the 
disease. During these 2 months in 1930, 1931, and 1932 the weather 
was extremely hot and dry, while in 1928 and 1929 it more nearly 
approached normal. In each of the 3 years in which there was light 
infection the total precipitation was less and the mean montlily tem- 
perature was higher for June and July than in the 2 years when black 
chaff infection was heavy. The relative humidity throughout the 
maturative period probably had a greater influence on the develop- 
ment of an epidemic of black chaff than the total precipitation and 
mean temperature. 

Table 5. — Mean relative humidities {separately and combined) for Jvnc and July, 
1928 to 1982 y inclusive, at St. Paul, Minn, 


Mean relative humidity 


Year 

June 

July 

Seasonal average 

7 a. m. 

Noon 

7 p. m. 

Aver- 

age 

7 a. m 

Noon 

7p. ni 

Aver- 

age 

7 a. m 

Noon 

7 p. m. 

Aver- 

age 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1928 

75.0 

60.0 

52.0 

62.3 

81.9 

60.2 

54 5 

05.5 

78.5 

60.1 

52.3 

G3. 6 

1929 

81 0 

60.6 

47 6 

63,1 

76 2 

58 0 

49 1 

61 1 

78.6 

59 3 

48 4 

62 1 

1930 

75 9 

52.4 

51.9 

60.1 

76.0 

46.2 1 

48.0 

56 7 

76.0 

49.3 

50.0 

58.4 

1931 

77,6 

53 0 

53 7 

61.4 

68.3 

39.1 ' 

37.9 

48 4 

73.0 

46.1 

45 8 

5.5 0 

1932 

70.0 

50.0 

48.2 

56 1 

75 4 

49.2 

44.7 

56.4 

72.7 j 

49 6 

62.3 

58.2 


Table 5 gives the percentage of the mean relative Innnidity at 
three different hours of the day for June and July from 1928 to 1932. 
Apparently there is an association of high average relative humidity 
with heavy black chaff infection. This association is more evident 
if only the_2 years 1928 and 1931 are compared. The records show 
that at University Faim the heaviest infections in the 5-year period 
were in 1928 and. the lightest in 1931 . During June there was only a 
slight difference in the average relative humidity in the 2 years, but 
in July there were differences of 13.6, 21.1, and 16.6 percent in the 
7 a. m., 12 m., and 7 p. m. readings, respectively. The close associa- 
tion between Mgh relative humidity and heavy infection and lower 
relative humidity and less infection indicates that the existing rela- 
tive humidity does deteimine to some extent the amount of the 
disease that may develop in a given season. 

GRAINS AND GRASSES AS HOSTS 

Jones, Johnson, and Reddy (13) state that the organism causing 
bacterial blight of wheat was pathogenic on wheat, barley (Hordeum 
vulgar e L.) , rye (Secale cereate L.), and spelt (Triticurn spelta L.). 

0 Johnston, C. O, See footnote 8. 
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No wider host range has since been reported, as far as can be ascer- 
tained, except that given earlier by the writer (1). 

The writer has also obtained typical infection on einlvorn {Triticum 
7nonococcum L.) in the field by hypodermic inoculation and on Victory 
oats {ATerta sativa L.), both in the greenhouse on seedlings and in the 
field on adult plants. A number of other varieties of oats were 
inoculated in the field, but typical translucent striations developed 
only on Victory and Kanota. Some of the other varieties appeared 
to be infected soon after inoculation, but as the plants grew older the 
lesions became less distinct. Other workers have inoculated oats 
with Bacterium trauslucens var. undulosum but obtained no infection 
(13). Their failure to get infection nought have been due to the fact 
that either the varieties of oats they used were resistant to Bact, 
translucens var. undulosum or the strain of the organism used as 
inoculum was not pathogenic on oats. 

Wild grasses may also become infected with Bacterium translucens 
var. undulosum. The following species of grasses w^ere hypodermi- 
cally inoculated with culture M: Bromus inermis Leyss., B. tectorum 
L., Hordeum juhatum L., Setaria lutescens (Weigel) F. T. Hubb., 
Agropyron repens (L.) Beauv., Dactylis glomerata L., Alopecurus 
geniculatus L., and Phalaris arundinacea L. On B. inermis and H. 
juhatum irregular water-soaked striations appeared in 8 to 12 days. 
These became darker after a few days and were very similar to the 
lesions on the leaves of wheat. The other grasses did not become 
infected or, if infected, the lesions were not typical for black chaff on 
wheat. 

VARIETAL SUSCEPTIBILITY IN WHEAT 

All varieties of wheat are apparently more or less susceptible to the 
disease. At least a trace of infection can be found on field plots of 
most varieties of wheat in years in which there is an abimdance of 
black chaff. Every variety tested by experimental inoculations has 
been susceptible to some degree. ^ Goulden and Neatby (7) foimd in 
1928 that practically every variety and strain in the nursery at 
Winnipeg, Canada, was attacked in some degree. At University 
Farm (Minnesota), the relative susceptibility of some of the more 
common varieties grown in the field and naturally inoculated was 
as follows: Hope, H-44, and Kota, very susceptible ; MarquiUo 
and Ceres, moderately susceptiblej Marquis, Mindum, and Ku- 
banka, resistant. Under other environmental conditions this com- 
parative classification might not hold. Burton (4, Bept. 1981) 
reported that in a comparative yield test of wheat varieties carried 
out in 1931 at the Njaro Plant Breeding Station, Kenya, all the 
plants of eveiy variety used were destroyed by black chaff, the grain 
being so shriveled that it could not be threshed. This report tends 
to bear out the conclusion of the writer that resistance to the disease 
is only relative. 

Fifty varieties and hybrid selections were hypodermically inoculated 
in the booting stage with four different cultures of pathogenic bac- 
teria. The differences noted in the virulence of the <^erent strams 
of the bacteria on the varieties of wheat are indicated in the following 
way: 0 represents absence of the disease, and 1 to 4 represent the 
relative degrees of infection in any particular plot^ as compared 
with that in other plots. Table 6 gives the comparative reaction of 
20 of the varieties to the four pathogens. 
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Table 6 — Susceptibility of varieties of wheat to three cultures (IF-i, W~2j and 
M~l) of Bacterium tranducens var, undulosum from wheat and to one ctdiure 
(B-l) from barley 


Variety or 
nursery no. 

Minn 

no 

C. I.i 
no 

Relative suscepti- 
bility 2 to— 

Vaiiety or 
nursery no. 

Minn 

no. 

C. I.i 

no 

Relative suscepti- 
bility 2 to— 

W-1 

W-2 

M-1 

B-1 

1 

W-1 

W-2 

M-] 

B-1 


1239 

3641 

3 

3 

2 

3 

Mmdum 

470 

5296 

3 

2 

3 

2 

MarquiUo 

2202 

6887 

2 

1 

1 

2 

Kubanka 

2310 

1440 

3 

3 

1 

3 

Ceres 

2223 

6900 

3 

3 

1 

3 

Minor 

2612 


3 

4 

3 ' 



Kota 

2151 

5878 

3 

3 

3 

3 

Komar 

2244 

8004 

2 

3 

4 

1 

IT ojie. 

2297 

8178 

3 

3 

1 

3 

ID21-7 

2302 

10002 

3 

3 

1 

3 

H-44 

2301 

8177 

3 

2 

2 

2 

11-21-28 

2303 

10003 

2 

3 

0 

3 

Reward 

2204 

8182 

2 

2 

1 

2 

11-21-48 

2315 

10020 

3 

3 

1 

2 

Rellanee 

2308 

7370 

4 

4 

1 

3 

11-21-84 

2316 

10021 

4 

2 

1 

3 

Supreme 

2309 

8026 

3 

3 

2 

2 

II-21-S6 

2607 

11485 

3 

2 

3 

2 

Haynes Blue- 







11-21-94 

2340 

11487 

S 

2 

1 

3 

stem 

1 

169 

2874 i 

1 

3 

3 

2 

3 









1 Accession number of the Division of Cereal Crops and Diseases, formerly OlTice of Cereal Investigations! 

2 The numbers 0 to 4 designate the relative susceptibility of the varieties, U indicating absence of the 
disease and 4 the presence of large infected areas. 


These results indicate that certain varieties may be rather resistant 
to some strains of the black chaff organism but quite susceptible to 
others. They also show that varieties like Marquis, Mindum, and 
Kubanka, wliich appear resistant in the field, may become rather 
heavily infected when hypodermically inoculated. ^ The exact cause 
of the change in reaction to the pathogen in certain varieties is not 
known, but there is at least one possible explanation. Kesistance to 
black chaff under natural conditions may be morphological or func- 
tional, as it apparently is in some cases of resistance of wheats to stem 
rust (9)y and this resistance may be broken down when hypodermic 
inoculations are made. 

COMPARISON OF PATHOGENICITY OF BACTERIUM TRANSLUCENS 

VAR. UNDULOSUM WITH THAT OF ISOLATIONS PROM NATU- 
RALLY INFECTED BARLEY AND RYE 

In 1931 a number of varieties and selfed lines of rye at University 
Farm were heavily infected with a bacterial disease with symptoms 
closely resembling those described by Ecddy, Godkin, and Johnson 
{17) for bacterial blight of rye {Bacterium translucens var. secalis). 
In the same year Manchuria barley was also found to bo infected with 
a bacterial disease similar to that described by Jones, Johnson, and 
Reddy (14) as bacterial blight (Bact, translucens). Repeated isola- 
tions from the infected rye and barley gave yellow, slime-producing 
bacteria agreeing with the description of Bact. translucens. Marquis 
and MarquiUo wheat inoculated with the cultures isolated from barley 
readily became infected. The type of lesion produced on these hosts 
was indistinguishable from that produced by the wheat organism. 
Hope wheat inoculated with cultures isolated from the infected rye 
was as severely attacked as when inoculated with Bact. translucens 
var. undulosum. 

In 1932 small focal infections appeared on the first or second leaves 
of seedlings of several varieties and hybrid selections of barley. 
Cultures of bacteria isolated from these lesions were used to inoculate 
wheat and barley, and the same varieties were inoculated with 
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Bacterium iranslucens var. uadalosurri from wheat. In these tests 
the organism from barley was more virulent on barley than on wheat, 
and the organism from wheat was more virulent on wheat than on 
barley. However, from the results reported in table 6, in which the 
pathogenicity of one of the cultures (B-1) of the organism from 
barle}" was compared with that of cultures W-1, W-2, and jM-I of 
Bact. iranslucens var. undulosiim from wheat on 20 varieties of wheat, 
it seems that the organism from barley is about as virulent on wheat 
as cultures W-1 and W-2 from wheat, and in most cases more virulent 
than culture IvI-1 from wheat, at least when experimentally inocu- 
lated into these wheat varieties. 

DISCUSSION AND CONCLUSIONS 

Bacterium iranslucens var. undulosum apparently is a group name 
including a number of strains of bacteria pathogenic to wheat. These 
strains may differ from each other in one or more of the following 
characters; (1) Color of colonies, (2) amount and fluidity of slime pro- 
duced, (3) action on sugars, and (4) pathogenicity. Even among the 
limited number of isolates with which the writer worked, considerable 
differences were found with respect to the first three characters listed. 
These differences appeared to be as great as or greater than the 
differences heretofore used to distinguish the three similar organisms, 
Bad. iranslucens, Bad. iranslucens var. undulosum, and Bad, irans- 
lucens var. secalis. If there are variations within a single so-called 
variety as great as or greater than the differences used to distinguish 
the variety from other varieties, it would appear that the validity of 
this variety is questionable. Since such variations in cultural re- 
actions do occur, the only basis left for distinguishing the variety is 
difference in pathogenicity. The question might well be raised as to 
how great these differences actually are. 

Reddy, Godkin, and Johnson (17) summarized the pathogenic 
capabilities of the three organisms as follows: 

B2ctenu77i iranslucens infects only barley. 

BctcL iranslucens var. undulosum infects wheat, barley, rye, and spelt. 

Bact. Iranslucens var. secalis infects only rye. 

However, the writer found that isolates from barley and rye 
readily infected wheat and that the cultures of Bacterium iranslucens 
var. undulosum infected varieties of wheat, barley, rye, oats, and 
certain wild grasses. If it is assumed that the cultures obtained 
from barley and rye were Bad. iranslucens and Bad. iranslucens 
var. secalis, respectively, then no sharp difference in pathogenicity 
of the organisms exists. The objection may be raised, however, 
that the infection found on barley and could have been caused 
by Bad. iranslucens var. undulosum, and it would have been expected 
that the isolates would infect wheat. Since pathogenicity is appar- 
ently the only valid criterion for distinguishing the three organisms, 
it is impossible to prove that the isolates were not the wheat organism. 
On the other hand, if these did belong to the variety undulosum 
wide variations evidently exist within this variety. A large number 
of varieties of barley and rye were infected in the plots from which 
the isolates were obtained. If the variety undulosum can be found 
so frequently on barley and rye, then it would be difficult to deter- 
mine, without maldng extensive cross-inoculation tests, which 

58194 — 36— — 2 
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organism is involved when infection is found on these hosts. But 
this is evidently very impracticable, and, since a number of different 
pathogenic strains do exist in the variety undulosum. and probably 
in the other varieties of the organism too, the most logical solution 
to the problem of the identity of the organisms causing bacterial 
blight of barley and rye and black chaff of wheat would seem to 
the writer to be to include all the strains under a single name. He 
does not believe that the differences in cultural characters are great 
enough or consistent enough to be used as a basis for separation, nor 
that the pathogenic capabilities are specific enough to warrant the 
separation of the group into three different varieties. 

The inconsistency of the present nomenclature of this group of 
pathogens is evident to anyone who has worked with them. Obvi- 
ously, Bacterium translucens should be given a varietal name if it 
is to be used, as it is now, to designate a variety comparable with 
the varieties undulosum and secalis. But witliin Bad, translucens 
var. undulosum there are evidently pathogenic strains capable of 
infecting a greater or less number of varieties of wheat, barley, rye, 
oats, and -v^d grasses. A similar condition may be found among 
the strains that make up the varieties that are supposed to be 
restricted to barley and rye. More work must be done to deter- 
mine the extent of specialization within the entire group. It seems 
to the writer that it would be best to use the name Bact. translucens 
for all the strains, recognizing that it is a group species comprising 
a number of pathogenic strains more or less specialized as to host 
range. Whether the strains could properly be grouped into varieties 
seems questionable at present. 

The symptoms of black chaff have been shown to vary with dif- 
ferent varieties and different environmental conditions. Although 
the disease is usually characterized by the dark striate or streak 
lesions on the glumes, awns, and upper parts of the culms, it may 
attack all parts of the plants. Goulden and Neatby (7) called 
attention to two different types of bacterial disease on different 
varieties in the wheat nursery at Winnipeg, Canada, in 1928, and 
suggested that there was a possibility of two organisms being responsi- 
ble. In 1931, the writer examined a number of specimens of Mar- 
quillo and Ceres wheat collected at Hallock, Minn. Tliese were 
infected vdth a bacterial disease, the appearance of which was not, 
typical of that usually associated with black chaff. The infected 
areas were somewhat oily in appearance, making the surfaces seem 
glossy or polished. Black chaff lesions are usually dull brown or 
black. ^ There are several possible explanations of the differences 
noted in the appearance of the disease: (1) different strains of 
Bacterium translucens var. undulosum may be responsible; (2) bac- 
teria of entirely different species may cause a similar disease; or 
(3) variations in environment may cause differeBt symptoms on 
different hosts. Much more extensive work must be done before 
the exact cause or causes of the differences in symptoms can be given. 

Just how and where the black chaff organism overwinters have not 
been definitely shown. Seed transmission evidently plays a part in 
the dissemination of the disease in the soft red winter wheat area. 
From the results of experiments the vmter concludes tliat the patho- 
gen may overyrinter in Minnesota in the soil or on diseased stubble 
and refuse. Since the organism withstood long periods of subfreezing 
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temperatures and also remained viable after being subjected to tem- 
peratures as low as —33.3° C., it seems unlikely that low tempera- 
tures would prevent its overwintering in wheat fields in this area. 
Also, since the changing temperature and alternate freezing and thaw- 
ing dining the winter and spring did not destroy the viability of the 
organism in soil cultures, these conditions are probably not lethal to 
the organism in the field. Therefore, it seems very probable that 
Bacterium translucens var. undulosum does withstand the adversities 
of winter in w^heat fields and is present to infect grain the following 
year. Seed transmission evidently plays a smaller part in carr 3 ing 
the disease over from one year to the next in the hard red spring w^heat 
area than in some other regions, so the presence of overwintered bac- 
teria in the soil may be one of the major factors in the incidence of the 
disease. 

Environment limits to a great extent the development of the organ- 
ism and the occurrence of the disease. In general, the same conditions 
favor both the growfih of the organism and the development of 
epidemics. The best growfih of the organism in culture occurs at 
relatively high temperatures and high relative humidities, and the 
most severe epidemics of the disease occur in w^arm, w'et seasons. 
How^ever, low^ relative himiidity is probably more often a hmiting 
factor in the dei^elopment of the disease than is low- temperature. 
Apparently, low temperatoes merely retard the advance of the 
organism through the host tissues during cool w^eather without pre- 
venting its rapid development again as soon as the temperature rises. 
As a result the disease may advance rapidly if the days are warm, 
even though the nights are cool. On the other hand, the advance of 
the organism through the tissues already attacked may be checked 
for some time by the effect of low^ humidity drying out the lesions. 
The tissues of cereal plants are not bulky and are protected from 
desiccation only by the cuticle and the action of the guard cells in 
the closing of the stomata. In the infected areas the guard cells are 
inactivated by the attack of the pathogen and the tissues in the 
lesions are exposed to desiccation. Cells adjacent to those already 
parasitized probably are also dried out and killed, thus preventing 
further extension of the lesions even when more humid conditions 
exist later. Hence, it seems reasonable to conclude that short periods 
of low’ relative humidity have a more lasting detrimental effect on the 
development of the disease than periods of low^ temperature. As a 
result, one might reason that seasons in which the temperature W'as 
comparatively low and the relative humidity liigh wnidd be more 
favorable for the appearance of an epidemic of black chaff' than sea- 
sons with high temperatures and low" relative hiunidity. 

SUMMARY 

Black chaff of w-heat, caused by Bacterium transluceus var. undu- 
losum ^ appears to be very wfidely distributed. It occurs in the United 
States, Canada, and Mexico, in 'North America, and in Russia, France, 
and Belgium, in Europe. It also is found in Asia and Africa. 

AH aboveground parts of susceptible plants may be attacked: 
Leaves, glumes, awns, rachises, and culms. Some varieties are often 
attacked at the lower nodes of the culms, while in others the infection 
is usually limited to the heads and the necks of the culms. 
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The channels of entrance into the host are through the stomata and 
wounds, and the attacks are intercellular and intracellular. 

The optimum temperature for the growth of the organism in cul- 
ture is between 25° and 30° C , the maximum approximately 40°, 
and the minimum slightly below 10°. 

Low relative humidity of the surrounding atmosphere retarded the 
growth of the organism in culture. The retarding effect was notice- 
able at a relative humidity of 50 percent and was greater as the 
percentage was lowered. 

Temperature had a marked effect on the length of incubation period 
required. At 20° C. from 2 to 7 days were necessary for incubation, 
wlnle at 10° from 8 to 20 days were required. 

Low temperatures also limited the size of the lesions caused hy 
Bacterium translucens var. mndidosum. In 30 days the organism caused 
only very small lesions, 1 to 5 nmi in length, at 10° C , while at 20° it 
caused much larger lesions, i. e., 10 to 30 mm in length. 

The organism is resistant to extremely low temperatures, remaining 
viable outside in soil cultures for at least 124 days after December 15. 

The disease usually does not appear in Minnesota until wheat is 
headed out and approaching maturity. Seedling infection rarely 
occurs there. 

The host range of Bacterium translucens var. undulosum was found 
to include oats, einkorn, Hordeum jubahnn, and Bromun inermis in 
addition to the previously described hosts — wheat, barley, rye, ancl 
spelt. 

There is considerable variation in susceptibility of varieties of 
wheat to black chaff. Field observations over a number of years 
indicate that Hope, H-44, and Kota are very susceptible; Marquillo 
and Ceres moderatel}" susceptible; and Marquis, Mindum, and 
Kubanka resistant. 

vStrains of the organism exist which differ in cultural and physio- 
logical characters and in pathogenicity. 
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THREE BLUE-STAINING FUNGI, INCLUDING TWO NEW 
SPECIES, ASSOCIATED WITH BARK BEETLES ' 

B}’' Caroline T. Rumbold ^ 

Associate pathologist, Division, of Forest Pathology, Bureau of Plant Industry, 
United States Department of AgiicuUure^ 

INTRODUCTION 

In a previous paper ^ tlie writer described the association of the 
blue-stain fungus, Ceratostomella pini Miinch, with the bark beetle, 
Dendroctonus frontalis Zimm., on the Atlantic coast and with D. 
brevicomis Lee. on the Pacific coast, as well as the association on the 
Atlantic coast of G. ips Rumbold with Ii>s calligraphus Germ., I. 
grandicollw Eichh., I. amdsus Eichh., and /. pint Say. Since the 
publication of the description of G. ips, in 1931, collections have been 
made of the fungus in all the Gulf States except Texas, and in Ten- 
nessee, Ohio, Wisconsin, and hlinnesota. In the East, G. ips has 
been isolated from Finns banksiana Lamb., F. caribaea Mor., and P. 
taeda L., in addition to many of the pines listed in the previously 
mentioned paper. It has also been isolated from adult /. calligraphus, 
L grandicollis, and 7. amlsus. The work here reported reveals the 
association in the West of G. ii)s with the bark beetles 7. oregoni 
Eichh., 7. emarginaliis Lee., infesting P. ponderosa Dough, and 7. 
integer Eichh,, infesting P. ponderosa and Larix occidentalis Nutt. 

Two species of Geratosfomella, hitherto not described, were found, 
one associated with the beetle Dendroctonus pseudotsugae Hopk., 
which kills Douglas fir and infests w^estern larch, and the other with 
D. piceaperda Hopk., which infests spruce in eastern Canada. Purther 
it was found that the insects carried with them, besides the blue-stain 
fungi, two types of yeast — Zygosaccharomycetes and an anascospo- 
rogenous mycelium-forming group.^ 

METHODS 

With one exception, the specimens described in this paper w^ere 
collected by entomologists, who started the cultures of the fungi by 
dropping beetles cut out of the trees just as they were ready to 
emerge from their galleries or just after they had made successful at- 
tacks, into test tubes containing slanted malt agar.® The tubes w^ere 
mailed to the laboratory, where the insects were removed. Fungi 

1 Received for publication Oct. 1, 1935; issued April 1936. The investigations on which this article 
was based wore conducted cooperativelv by the Division of Rorest Insects, Bureau of Entomology and 
Plant Quarantine, and the Division of Forest Pathology, Bureau of Plant Industry, U. S. Department of 
Apiculture. 

» The writer wishes to express thanks to the members of the Division of Forest Insects, Bureau of En- 
tomology and Plant Quarantine, U. S. Department of Agriculture, for their collaboration, and to R. E. 
Balch, Division of Forest Insects, Entomological Branch, Department of Agriculture, Canada, for Ins 
cooperation. 

® In cooperation with the Forest Products Laboratory, Forest Service, U. S. Department of Agriculture. 

* Rumboud, C. T. two blue-staining fungi associated with bark-beetle infestation of pines. 
Jour. Agr. Research 43. 847-873, illus. 1931. 

6 A study of these organisms is being made by Eugene C. Holst, student assistant, Division of Forest 
Pathology, Bureau of Plant Industry, XJ. S. Department of Agriculture. 

« Rumbold, C. T. See footnote 4. 
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appearing regularly in the tubes were assumed to have started from 
spores on or in the bodies of the beetles. Cultures were also obtained 
in the laboratory by ’transferring frass, slivers of the gallery walls, or 
adjacent stained wood to malt agar. Cultures from the wood were 
compared with the cultures obtained from the beetles. A lew larvae 
and eggs out out of the galleries also were used. The entomologists 
examined the material to make sure that insects of other species than 
the one reported were not present. _ .... 

Except when otherwT.se stated, the material used for description 
and measmement was taken from cultures grown on malt agar. The 
cultures w^ere kept where the temperature ranged from 11® to 30® C, 
with a usual temperature of 24®. 

CERATOSTOMELLA IPS 

The blue-stain fungus, Ceratostomella ips, has already been de- 
scribed,' but certain additional facts about the species in general are 
given and certain necessary coiTections ai’e made in the present paper. 
For the western strains, listed in table 1 , only the descriptions and 
measurements that differ from those of the eastern and Japanese 
strains are given. 


Table 1 . — Source of western, strains of Ceratostomella ips 


Date col- 
lected 

Locality 

Species of 
tree 

Species of 
beetle 

Infestation 

period 

(days) 

Remarks 

July 1930... 

Northport, Wash 

Pinus pon- 

Ips oregonL 

Unknown. 

Tree killed m recent fire 

September 

1930. 

EUamath Falls, Oreg. 

derosa. 

do 

do 

14 

Blue-stamed wood used as 
inocula. 

Inocula were inteiioi blue- 

[Sisters, Oreg 

do 

I integer 

do... 

2. 

stained wood, 

Inocula were tissues from 


....do- - 

do 

21 

gallery wall and frass. 
Inocula wore tissues from 


do 

Lanx occi- 

do 

21 

gallery walls. 

June 1932... 

< do 

dentalis. 

Pinus pon- 
der osa. 

do 

/. emargi- 
natus. 

do 

14 

were tissues of enlianco 
and gallery walls and in- 
terior stn hied wood. 

Standing tree with fading 
needles. Inocula wore 
gallery wuills. 

Cultuies started from larval 



21 


Coeur d’.AIene, Idaho 

do 

I oregoni,,. 

Abouf 05-. 

mines cut from green 
windfall. 

Inocula were emerging adult 


/Sisters, Oreg 

do 

do 

do 

I. integer 

do ... 

About 2L. 

21 

beetles cut from standing 
tree. 

Inocula were adult beetles 
cut from a green windfall. 

Green windfall. Poritheda 
in the galleries. Gallery 
walls used as Inocula. 

Adult beetles cut from 
standing tree used as 
inocula. 

Do. 

June 1933... 

do 

.Coeur d’Alene, Idaho 

do 

do. 

7, emargi- 
natus, 

I oregoni... 

Unknown. 

About 7... 


THE FUNGUS IN IPS-INPESTED BARK AND WOOD 

The appearance of CeratostoTi/iellcb ips in infested bark and wood 
in the West is typical of that found in the East. Additional informa- 
tion obtain ed in the West showed that the perithecia of C, ips lined 

^ Rximbold, C. T. See footnote 4. 
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Figuee 1. Camera-lucida drawings of Cerato^tomeUa ips growing i 
an Tieghein cells on malt agar. A and B, Strain isolated from adn 
Ips integer collected m Oregon* A, Germinating comdiain a 1-day-ol 
cnimre; comdia and comdiophores when culture was 3 days old; C 
str^ isolated from adult /. oregom collected In Idaho: comdia an 
eonidio^ores in a 2-day-oId culture; D, strain isolated from adult . 
emar^inafus collected in Oregon, mycelium, comdia, and conidiophore 


Figure 2.— a fascicle of ma- 
ture conidiophores of Cera- 
tostomella ips associated 
with Ipa integer. 
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Figure 3 —Outlines of perithecia drawn according to average dimensions: A, Ceratostomella ips associated 
with eastern species of Ips; B, C. ips associated with western species of Ips, O, O. pint associated with 
some eastern and western species of Dendrocionits, D, C. pseudotsugae associated with D. pseudo- 
tsugae, E, O p?C( 2 aper(fa associated with D. piceaperda. 




Figure 4. — Asci of a stiaiu of Cera- 
^ tostomella ips associated with Ips 
emarginatus. 


FiaimE 6.— Ascospores of Ceratostomella ips assooiate<l 
with (,A) Ips emarginatus, {B) I, oregoni, (C) I. 
integer^ and (D) I. calUgraphus, 
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The asci (fig. 4) resemble those foimd in the eastern strain but differ 
from the Japanese strain in that the ascospores fill the asci much more 
than is reported by Nisikado and Yamauti.^^ 

^Yhen pressed out of the perithecia the ascospores of eastern and 
western strains have the shape of quadrangular prisms (fig. 5), not 
cylinders as was stated in the technical description of the eastern 
strains of this fungus m 1931. The shape of the ascospores may be 
seen more readily if stained with picro-aniline blue. So treated, the 
walls of the spores become yellow and the interior blue. The edges of 
the walls of the quadrangular-prism-shaped spores look like flanges, 
while the blue-stained interiors are eUipsoidalor cylindrical. Figure 5, 
A, B, and C, shows the side and end views of spores of three western 
strains of C. ipsj and, for comparison, spores of an eastern strain, 
isolated from a specimen of Ips calllgi^aphns, are shown in D. 

CERATOSTOMELLA PSEUDOTSUGAE N. SP. 

Ceratostomella pseudotsugae n. sp. was collected during tliree sum- 
mers on specimens of the species listed in table 3. 

THE FUNGUS IN BARK AND WOOD INFESTED WITH DENDROCTONUS 
PSEUDOTSUGAE 

The Douglas fir beetles, Dendroctonnis pseudotsugae, bore through 
the outer bark to the phloem or to the outer layer of wood and there 
extend theii* galleries. Ceratostomella pseudotsugae grows from these 
galleries, usually in longitudinal streaks (fig. 6). The fungus covers 
the inner bark and wood with a black mycelial gi'owth, which is usually 
infixed with particles of dried rosin. The stain of the inner bark caused 
by this fungus is not so noticeable as that caused by C. pini, possibly 
because the numerous black sclerotia so characteristic of the latter are 
not present. The fungus grows in toward the heartwood, staining the 
sapwood gull gray to slate gray.^^ The meduUaiy rays become black. 

Table 3. — Source of Ceratostomella pseudotsugae n. sp. associated with Dendroc- 

tonus pseudotsugae 


Date collected | 

! 

Locality 

i Species of tree 

InfeS' 
tat ion 
period 

Remarks 

\ 



Jjni/ft 


( 

1 

Septeiiibor 1931., < 

fiMetaliiie Falls, 

J Wash. 

i Pftendofsuoa tan- 
lolm 

39 

Specimen showed living larvae Spoi* 
ulatmg penthecui growing in gallerj 
walls 

j 

L.aJo 

do-- 1 

3S 

Do 

1 

i--..tl(j 

do- 

38 

Specimen vshowed living beetles and 
larvae. Comdiuiihoies m the larval 
mines 

1 

June 1932 

' do 

do 

(1) 

Attack by beetles began ui May 1931. 
Adult beetles cut out of bark as they 
were emerging. 4 larvae cut out of 
their mines. 23 of tlio 24 cultures 
started developed penthecia. 

( do,- 

do j 

4 

Inner bark tissues from entrance cham- 
ber used as mocula 


do 

1 do 

10 

Eggs cut from galleries used as inoeuln. 


do 

Lanx occideninlis,. 

7 

Large tree felled May 20, 1932. Brass 
used as mocula. 

June 1933.,, ! 

, Sisters, Oreg 

Pseudotsuga taxi- 
folia 

14 

A green windfall of large size. Bark 
tissue fiom gallery used as inocula. 

Metaline Falls, 
Wash. 

---..do-_ 

C) 

Beetles cut from bark as they were 
emerging. 10 out of 11 cultures 
started developed perithecia. 


‘ Unknown. 


Nisikado, Y., and \ ahauti, K contributions to the knowledge of the sap stains of wood in 

JAPAN. I. STUDIES ON CERATOSTOMELLA IPS RUMBOLD, THE CAUSE OP A BLUE STAIN OP PINE TREES IN 
WESTERN JAPAN. Ber. Ohara Inst Landw. Forsch 5* ^1-538, illus. 193^ 

13 Rumbold, C. T. See footnote 4. 

jgJ^^I^hDGWAY, R. COLOR STANDARDS AND COLOR NOMENCLATURE. 43 pp., lllus. Washington, D. Q. 
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Figure 6 — Inner barb of Pseudotsuaa taxifoUa (LaMarck) Britton showing galleries of Dendroctonm pseu- 
dotsugae. Blue stain caused by Ceratostomella pseudottugae evtends from the galleries. The tmy black 
dots are penthecia, 
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On the black m^^celial growth are tiny perithecia (fig. 3, D) with 
short curved necks. The combination of beetle galleries and spread- 
ing fungus loosens the bark. In a short tune ants, mites, nematodes, 
and various molds are found under the bark. 

Ceratostornella pseudotsugae first invades the ray-parenchyma cells 
of the wood and later the tracheids, passing from cell to cell through 
the pits. 

THE FUNGUS IN CULTURE 

Cultures of Ceratostornella pseudotsugae were started from adult 
beetles, from slivers of the insect gallery walls, and from frass, eggs, 
and larvae. All these cultures developed yeast at fh'st, and later the 
blue-stain fungus grew out from the yeast colonies, often covering 
them completely. 

In culture tins fungus develops a large amount of aerial mycelium 
and produces a hghter-colored mycehum, more coiiidia, and fewer 
perithecia than those developed in Ceratostornella p ini associated with 
Dendrodonus brevicomis and D. frontalis. In this respect it resembles 
somewhat a strain of C. pini found in the East on Finns virginiana 
iMilL, unassociated with Dendrodonus,^'^ and a strain found on the 
Pacific coast, isolated from a lightning-injured pondemsa pine. 
However, the lack of sclerotia, both when grown on rnalt agar and 
on pine, distinguishes this fungus from C. pini, and it differs also 
in its physiological reactions. 

CeratostoynelTa pseudotsugae and tliree strains of O. pini were grown 
on media having different sources of nitrogen.^® To the standard 
basal medium (containing 2.0 percent of glucose, 0.50 percent of acid 
potassium phosphate, 0.1 percent of magnesium sulphate, 0.0016 
percent of bromcresol purple, and 1.5 percent of Bacto-agar) was 
added 0.5 percent of one of the following nitrogenous compounds: 
Urea, asparagine, sodium casemate, or peptone. The media were 
all adjusted to approximately pH 6.2, Table 4 gives the reactions. 
By observing the reaction changes of the media over a period of time, 
or the presence or absence of growth and the type of growth, it was 
found that the three strains of C. pini reacted alike, growing abnor- 
mally and producing acid when supphed with sodium caseinate or pep- 
tone but not growing on asparagine or urea; (7. pseudotsugae grew 
well on all the media, producing a basic reaction on those containing 
sodium caseinate or peptone. These physiological reactions emphasize 
the distinction between C. pseudotsugae and G, pini. 

Table 4. — Reaction of Ceratostornella ntni and C, 'pseudotsugae on media 
containmg different nitrogenous compounds 


Reaction to indicated compound after specified periml 


Culture and source 

Sodium caseinate 

Peptone 

Asparagine 

Urea 


3 days 

8 days 

28 days ' 

21 days 

21 days 

21 days 

Ceratostornella pini no lS7a from 

Acid 

Acid 

Acid 

Acid 

No growth- 

No growth. 

Dendrodonus Jrontalis, North ' 
Carolma, 1 

C. pini no. 416 from D. brevicomis, 

...do 

...do 

do 

...do 

do.. 

Do 

Oregon. 

C. ptni no. 421 from uninfested i 

,..do 

do 

do 

...do 

do 

Do. 

wood, Oregon. , 

C, pseudotsugae no. 436 from D, 

._.do 

Neutral. 

Basic 

Basie 

Growth--.. 

Growth. 

pseudotsugae, Washington. 





n Rumbold, C. T. See footnote 4, 

•5 These tests were made by Eugene C. Holst. 
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'\Yhen tlio fungi are grown on autoclaved pine, the difference 
between a strain of Ceratostomella pini isolated from an adult Den- 
droctoniis brevicomis and the fungus isolated from a D. pseudotsugae 
beetle is easily seen. O. pini covers the surface of the wood quicldy 
with a black stain consisting of innumerable perithecia, black sclerotia, 
and dark-colored mycelium. The wood has a black granular appear- 
ance. C. pseudotsugae stains the wood a gull gray, the aerial myce- 
lium is hyahne to gray, but most of the surface discoloration is caused 
by the numerous perithecia. 


Table 5 — Dimensions of perithecia of Ceratostomella pseudotsugae from Dendroc- 
ionus pseudotsugae beetles or xoood infested with them 

GROWN ON MALT AGAR 



Friuts 

meas- 

med 

Height of base 

Width of base 

Length of neck 

Source and strain number of 
Ceratostomella pseudotsugae 

Ex- 

treme 

range 

Sextile 
range ^ 

Mean 

Ex- 

treme 

range 

Sextile 
range ^ 

Mean 

Ex- 

treme 

range 

Sextile 
range i 

Alean 

From Pseudotsuga tanfoha, 1931: 

N’um- 1 
ber \ 

r- 

r 

A* 

A* 

P 



M 

At 

No 383 

26 

60-120 

80-110 

95 

GO-120 

80-110 

94 

40-120 

00- 90 

74 

No 3S4 

91 

50-130 

70-100 

85 

50-120 

70-100 

S5 

40-110 

55- 90 

75 

From Larix occideiitalis, 1932: I 
No. 423b_- - 

50 

70-12C 

80-100 

90 

60-130 

80-110 

91 

30-140 

50- SO 

67 

From P. taxifolia, 1932: 

No 423a 

30 

45-140 

70- 90 

SI 

45-140 

70-100 

S4 

20-100 

60- 90i 

76 

No. 423c 

46 

50-130 

80-110 

90 

50-1201 

80-110 

89 

30-110 

50- 75 

00 

Associated with Dendrodonus 
pseudotsugae, 1932: 

No. 423: 

Adult 1 

63 

60-102 

65- 80 

73 

! 

55-100 

64- 80 

74 

1 

45-125 

1 

73-110 

93 

Adult 2 

20 

55- 90 

00- 80 

70 

55- 83 

65- 75 

70 

40-100 

40- 63 

54 

Adult 3 

31 

65-100 

70- 93 

82 

50-110 

70- 90 

79 

55-160 

78-130 

103 

Adult 9 

36 

61-100 

70- 95 

82 

42-110 

70- 90 

81 

30-130 

90-115 

103 

Adults 7, 10, 11,12,13, 17. 

33 

50-130 

GO- 90 

SO 

50-120 

60- 90 

80 

45-120 

00-100 

SO 

.Associated with D pseudot- 
sugae, 1933: 

No 436; 

Adults 3, 5, and 7 

24 

60-120 

75-110 

91 

50-100 

70-100 

80 

30- 90 

40- SO 

62 

Adult 6 

30 

60-130 

70- 90 

80 

60-130 

65- 80 

77 

45-130 

65-100 

82 

Adults 8 and 10 

31 

60-110 

70-100 

85 

GO-1 10 

70-100 

81 

40- 90 

50- 80 

67 

Adult 9 

74 

50-140 

70-110 

87 

50-130 

70-110 

87 

45-130 

60-110 

90 

Total, range, or mean. 

5S5 

45-140 

70-100 

S4 

42-140 

70-100 

S3 

20-160 

65-100 

79 


GROWN ON WOOD 


Associated with D. pseudot- 
sugae in P. taxifolia' 

No 436, adult 6, grown on 
Pm us taeda 

40 

45-100 

o 

00 

70 

40-100 

60- SO 

70 

30-120 

60- 95 

74 

No. 3S3, original perithecia 
growing on inner hark of 
Pseudotsuga taxifolia 

13 

50- 90 

50- SO 

69 

50- SO 

60- 80 

68 

35-110 

45- 90 

70 


1 The se’itlle range discards the sixth of the measurements at each end of the extreme range, permitting 
an approximation of the frequency distribution 


A mature culture of Ceratostomella pseudotsugae contains white 
gray, and snuff-brown mycelium at its top, and numerous small, 
often incompletely developed perithecia. Black perithecia embedded 
in a warm sepia and black mycelium, surrounded and sometimes 
covered by gray aerial mycelium, appear in the center of the slant. 
The individual perithecia cannot be seen easily with the naked eye 
but are visible with a hand lens. At the base of the slant, wedged 

58104—06 3 
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between tbe glass and agar, a black sclerotoid layer of mycelium 
sometimes forms. The fungus grows readily but not vigorously on 
steam-sterilized southern yellow pine. A culture, made in the forest 
from gallery-wall tissue, when 10 days old contained gray, brown, 
and black mycelium and mature perithecia, but transplants from 
this strain remained light-colored and failed to produce spores. The 
perithecia developed on wood are somewhat smaller than those grow- 
ing on malt agar (table 5). 


Mycelium 

The young mycelium growing in culture forms a white mat cover- 
ing the'surface of the agar. The young hyaline hyphae are septate, 
branch irregularly, and measure 1.2/x to 4/1 in diameter. They form 
strands, anastomose, and change color gradually. The hyphae turn 
brown with age and the cell divisions become numerous, so that old 
hyphae often consist of short cells that may become globular. The 
walls thicken, and often a dark granular exudation appears. Old 
dark-colored hyphae may be relatively thick, varying from 4/i to 15/i 
in diameter. The cells forming the old hyphae often become poly- 
hedral and in this respect resemble those forming the sclerotia of 
Ceratosiomella fini. However, their 'walls are not so thick nor so 
firm as sclerotial cells. 

CONIDIA AND CONIDIOPHORES 

At room temperature (about 25° C.) the first conidia appear about 
48 hours after the germination of ascospores. They grow directly 
from the hyphae at first and are obovoid. Later they form in clusters 
at the tips of simple hyaline conidiophores. As the conidiophore 
lengthens, the conidium is pushed to the side of the growing tip. The 
conidiophores remain small, are usually unbranched (fig. 7, A), and 
do not change color as the culture ages. The conidia vary in shape 
from globular or obovoid to clavate, and in size from 2.7 to 5/i by 
1.4/z to 2.7/1. 

Perithecia 

Beneath the bark of the tree the black perithecia develop on the 
dark mycelium, which spreads from the galleries betw’-een the inner 
bark and the wood. ^ The fruits generally are flattened by the pressure 
of the bark. In this situation the base of the peritheciiim is bare of 
hyp^e except those attaching it to the substratum. In culture peri- 
thecia are foimd with basal hyphae grovung into the air, looking like 
bristles. They are straight, septate, brown, tapering at the tip, 
about as long as the "width of the base of the perithecium. The ostiole 
at the end of a short curved neck is surrounded by short hyaline cilia 
from 10/1 to 23 /i long (fig. B, D), Ten have been counted at an ostiole. 
An ostiole through which ascospores have been ejected is generally 
torn. ^ The globular peritbecial base is dark brown and the tip of the 
neck light brown. 
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The peiithecia somewhat resemble those of Ceratostomella -pini 
(fig. 3, ( 7 ). The measurements of the perithecia are given in table 5. 

Asci 

So far only immature asci have been seen. These were clavate 
and later polyhedral, omng possibly to their being crowded in the 
interior of the base. The eight spores are irregular^ arranged. The 
walls of the asci disappear before the ascospores are ejected. There 





Figuee V.—Ceraiostomella pseudotsugae growing in Van Tieghem cell cultures 1 to 6 days old: A, Conidia 
and conidiophores; B, ascospores. 

is an oily substance formed with the spores that often is ejected before 
the spores. 

Ascospobes 

The ascospores are crescent-shaped, slender, and pointed at both 
ends (fig. 7, B). They are hyaline, with a thin mucilaginous coating 
which causes them to clump together when ejected on the tip of the 
neck of the perithecium. The glistening clumps of ascospores are 
conspicuous. The mean length of the ascospores is 4ji4, and the mean 
width 1.5 IX. 

TECHNICAL DESCRIPTION 
Ceratostomella pseudotsugae n. sp. 

Young colonies with conidia white changing to sepia and black, with perithecia; 
young hyphae hyaline, 1.2/4 to 4.0/4 in diameter; old hyphae brown, 4/t to 15/c in 
diameter; conidia hyaline, appearing first on hyphae, globular, obovoid to clavate, 
ranging from 2.7/4 to 5/i by 1.4/4 to 2.7/4; conidiophores single, hyaline, usually 
unbranched, hyphae bearing conidia in clusters; conidia solitary, adherent, form- 
ing a head; perithecia black, globose, slightly hirsute; height of base, extreme 
range 45/t to 140/4, sextile range 70/4 to 100/4, mean 84/4; width of base, extreme 
range 42/4 to 140/4, sextile range 70/4 to 100/4, mean 83/4; length of neck, extreme 
range 20/t to 160/4, sextile range 55/t to 100/4, mean 79/4; diameter of neck near 
base 25/4, at ostiole 10/4, the ostiole with hyaline termini cilia 10/4 to 23/4 long; 


4 ^^ 
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asci ephemeral, polyhedral j ascospores 8, hyaline, crescent-shaped j length, 
extreme range 2 An to 5.4 ai, sextile range S.S/z to 4.8/z, mean in] width, extreme 
range 0.9/: to 2.4^, sextile range 1.2^ to l.O/x, mean width 1.5/^. 

On sapwood of Pseudolsuga taxijolia infested with Dendroctonus^ pscudotsugae 
near Metaline Falls, Wash , and near Sisters, Oreg.j and on Larix occideutalis 
infested with D. pseudotsugae, near Metaline Falls, Wash. 

DIAGNOSIS 


Ceratostomella pseudotsugae sp. nov. 

Coloniis juvenilibus conidiferis albis, turn brunneis-nigi*escentibus cum peri- 
theciis; hj^phis hyalinis, 1.2 ai-4.0m diam., dein brunnescentibus, 4 m-15ai diam.; 
conidiophoris simplicibiis, hj^phis plerumque sine ramis conidia globosa fcrentibus,* 
conidiis hyalinis, in hj^phis primo apparentibiis, globosis, obovoideis vel clavatis, 
solitariis deinde in massulas congregatis, 2.7/x-5.0/i usque 1. 4^-2. 7^; peritheciis 
nigris, globosis leniter hirsutls, 45ju-140At imo altis, 42^1-140^ latis; rostellis 20yu- 
160ju longis, I0n-2^n diam., ostiolo filamentis hyalinis, terminalibus, 10^-23^ 
longis, praedito; ascis evanidis, polyhedricis, octosporis; ascosporis hyalinis, 
lunatis, 2.4^-5.4ju longis, 0.9At-2.4/i latis. ^ 

In ligno sapido Pseudotsugae taxifoliae et Lands ocddentalis Dendroctono 
pseudotsugae infestato, Washington et Oregon, U. S. A. 

CEBATOSTOMELLA PICEAPERDA N. SP. 

Ceratostomella ficeaverda n. sp. was found on the following speci- 
mens collected in the localities named: 

Picea glauca (Mocncli) Voss, infested 15 days with Dendroctonus piceaperda^ 
collected in the forest near St. Peters, Cape Breton, Nova Scotia, Canada, in June 
1930. 

Picea glaucay Infested 1 month with Dendroctonus piceaperdUy collected in the 
forest near Grand Cascapedia, Bonaventure County, on the Gaspe Peninsula, 
Province of Quebec, Canada, in July 1931. 

An adult beetle of D. piceaperda, in July 1933, cut out of the bark of P. glauca. 
The tree stood in a forest near St. Peters, Cape Breton, Nova Scotia, Canada, and 
had been recently attacked. 

The blue-stain fungus isolated from these specimens resembles in 
many respects a German fimgus, Ceratostomella penicillaia Grosmann/® 
isolated from Picea excelsa Link infested with Lps typographus L. and 
Pityogenes chalcographus L. The measm^ements of the perithecium of 
the German fungus are: Diameter of base, 250 p to 3 00/z; length of neck, 
300^ to 500^. The ascospores measure 6.5 m by 2.3 m. The height of 
conidiophores varies from 450m to 600m, diameter 7p to Sp, conidia 
11m to^ 12m by 3m to 3.5m. The conidia and conidiophores of the 
Canadian fungus are smaller. The conspicuous conidiophores of the 
German strain also differ from the Canadian in the shape and size of 
their heads. 


THE FUNGUS IN BARK AND WOOD INFESTED WITH DENDROCTONUS PICEAPERDA 


Dendroctonus piceaperda wdll invade living spruce trees, although it 
prefers the bark of dying windfalls and fresh stumps. It bores through 
the outer bark to the pliloem or to the outer layer of wood and there 
extends its egg galleries (fig, 8). Ceratostomella piceaperda has been 
found fruiting in these galleries and growing from them, commonly 
in longitudinal streaks. A close examination of the blackened areas 
showed that the inner bark and cambium were covered with a net- 
work of dar k-brown hyphae, Perithecia were seen only in the galleries. 


Itt Gkosmanx, H. -Dbee die systematischen beziehungen dee gattung leptogkaphium lagerreeg 

ET MEUN ZUB GATTUNG CESATOSTOMBLLA SACC. NBBST EINIGEN BERMEEKUNQEN UBER SCOPULARIA 
YENUSTA PEEUSS tJND HANTZACHU PHYCOMYCES AWD. Hedwi^a 72: 183-194, illus 1932. 
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Spruce stained with Cera- 
tostomella piceaperda is gull 
gray in color. The fungus 
grows first in the rays, turn- 
ing them black, then invades 
the tracheids by means of the 
bordered pits. In culture 
the sui4ace of infected wood 
appears furry because of the 
numerous perithecia and 
conidiophores covering it. 

THE FUNGUS IN CULTURE 

Cultm^es of Oeratostomella 
piceaperda were developed 
by transferring slivers of 
blue-stained inner bark to 
malt agar. All the plantings 
produced yeast at first ; later 
the blue-stain fungus ap- 
peared and grew over the 
yeast. The fungus was cul- 
tured with difficulty, the 
warm summer temperature 
at the laboratory (up to 30° 
C.) apparently being unfav- 
orable for its growth. The 
cultures started from speci- 
mens collected at Grand 
Cascapedia in 1931 did not 
develop perithecia until the 
spring of 1932 and died 
during that summer. The 
cultures, started from a 
beetle collected in July 1933, 
began to develop perithecia 
5 months later. A strain 
collected in 1930 has been 
in cultivation in the labora- 
tory for 4 years. It is usual- 
ly kept at 11° to 25°. The 
fungus developed mature 
perithecia in 14 days when 
growing on steam-sterilized 
pine {Finns caribaea). It 
hydrolyzes boiled rice, pro- 
ducing a liquor. If it is 
combined with a yeast which 
also was isolated from 
Dendroctonus piceaperda 
infested bark, the by droly za- 
tion of the rice is stimula- 
ted, and a liquid is produced 



Figure 8.— Bark of Picea glauca Infested 15 days with Den- 
droctoTi'M piceaperda. Blue stam caused by Ceratostomella 
piceaperda starting to spread from galleries. 
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that has a fruity aroma. The yeast alone barely grows on the rice. 
The presence of this j^east in a malt-agar culture markedly stimulates 
the growth and fruiting of the fungus. 

A mature culture of Oeratostomella 'picewperda gi’own on a malt agar 
slant is chaetura black. The aerial mycelium is usually hair brown 
at the top of the slant and black at the base. The surface of the 
culture has a yelvety appearance due to the growth of conidiophores. 
These conidiophores become dark brown as they age and surround 
the perithecia, whose necks point up like shiny black thorns from the 
black substratum. Perithecia and conidiophores will be found de- 
veloping ascospores and conidia at the same time, the fungus being 
unlike pini and C. ips in this respect. 

Mycelium 

The cultures used in the description of this fungus originated from 
a single conidium. The young mycelium is white, then cream-col- 
ored. The young hyphae, which measure 2.6/x to 5,5fi in diameter, 
form loose strands and change color quicldy. A culture 4 days old, 
grown at 25° C., is dark brown in the center. The hyphae walls 
thicken, and, as the culture ages, hyphae may be found having a 
diameter of 17 ju. 

Conidia and Conidiophores 

At 25° C. the first conidia appear on the hyphae 24 houm after the 
germination of a conidium. The conidia forming on the hyphae 
are hyaline, and obovoid or clavate (fig. 9, A), When germinating, 

the conidium swells and often be- 
comes globular. Some conidia bud 
like yeast. On others from 1 to 4 
germination tubes have been seen. 
Simple short hyahne conidiophores 
appear that develop clavate conidia 
on their tips, but when 2 days old 
the fungus develops the character- 
istic conidiophores that resemble 
Leptographium lundbergii Lagerberg 
and Melin. The conidiophores are 
straight 5- to 7-septate brown hy- 
phae, growing erect from the vege- 
tative hyphae; near the tip a branch 
forms with hyaline subbranches, 
which develop the conidia at their 
tips. These conidia are held in a 
drop of a mucilaginous liquid on 
the top of the stalk (fig. 10). As 
the conidiophore ages, the color of the drop changes from white to 
yellow and then to brown. The conidiophores with their conidia 
seem to play an important part in the life cycle of this fungus, if 
vigor of growth is a criterion. 


aoyC^ 

0 

CAP 

f - 

1 

“1 



A 




1 , 






*0 

B 




Figure 9.—CeTatostomella piceaperda : A , 
Comdia; B, ascospores. 


Perithecia 

Beneath the bark of the spruce the perithecia develop in the insect 
galleries, their bases embedded in the bark tissues. In this situation 
the base is bare of hyphae. In culture the globular base develops 
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many-septate brown hyphae, which grow out into the air. These 
basal hyphae average about 50jti in length. The ostiole at the tip of 
the neck is without cilia (fig. 3, E). To the eye the perithecium is 



Figure 10 — Conidiophores of Ceratostomella piceaperda from an 8-day-old culture. X Ufj- 

jet black. Some of the perithecia show a proliferation of the neck. 
The sizes of the perithecia are given in table 6. 

Asci 

Only immature asci have been seen. They are hyaline and rather 
pear-shaped. Before the ascospores are ejected, however, the walls 
of the asci disintegrate. There are eight ascospores in an ascus. 

Ascospores 

The ascospores are hyaUne and ellipsoid (fig. 9, .S), They have a 
thin coating of a mucilaginous substance which causes the spores to 
clump together on the tips of the perithecial necks, where they form 
a glistening mass. 
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Table 6. — Dimensions of periihecia of Ceratostomella piceaperda 


lUedui 

Frmtb 

meas- 

ured 

Height of base 

Width of base 

Length of neck 

Extreme 

range 

Sextile 
range * 

Alean 

Extreme 

range 

Sextile 

1 an gel 

Alean 

Extreme 

range 

Se\tile 
Kiuge 1 

Aleau 


No. 

a 



{i 

M 





Alalt a£i:ar 

70 

90-350 

140-240 

197 

SU-340 

130-250 

193 

130-860 

270-650 

45L 

Rice agar 

11 

120-200 

130-190 

159 

130-200 

140-180 

152 

110-660 

170-495 

337 

^Vood 

1U6 

100-250 

150-210 

173 

110-250 

150-210 

17G 

220-980 

46U-S00 

615 

Total, range, 
or mean 

193 

90-350 

150-230 

181 

80-340 

140-220 

ISl 

llU-980 

300-660 

535 


1 The sextile range discards the sixth of the measurements at each end of the extreme range, permitting 
an approximation of the frequency distribution. 


TECHNICAL DESCRIPTION 
Ceratostomella piceaperda n. sp. 

Young conidia-producing colonies white to cicam, changing to chaetura black; 
young hyphae hyaline, 2.6^ to 5.5ju in diameter, old hyphae brown, 6ju to I7p in 
diameter; conidia hyaline, appearing first on hyphae, later on conidiophores, 
obovoid or clavate, extreme range 3ju to llyt by 2/i to 4^1, mean 5.4/i by 3.2;u; 
conidiophores straight, brown, 5- to 7-septate, erect, branched, with conidia de- 
veloping terminally on hyaline subbranches and collecting in a mucilaginous 
drop; conidiophores 17Qp to 250/i high, stalk 4/i to Sju in diameter; penthccia 
black, globose, hirsute; height of base, extreme range 90jn to 350ju, sextile range 
150/a to 230ju, mean ISl/i; width of base, extreme lange SQ/jl to 340g, sextile lange 
140^4 to 220m, mean ISIm; length of neck, extreme range 110m to 980m, sextile range 
360m to 660m, mean 535m; diameter of neck near base 45m, at ostiolc 25m; ostiole 
without terminal cilia; asci ephemeral; ascospores S, hyaline, ellipsoid; extreme 
range 3.6m to 4. 7m by 1.0m to 2.4m, sextile range 3.9m to 4.4m by 1.9m to 2.0m, niean 
4.3m by 2.0m. 

On sapwood of Picea glauca infested wuth Dendrocionus piceoperda near St. 
Peters, Nova Scotia, Canada, and near Grand Cascapedia, Quebec, Canada. 

DIAGNOSIS 

Ceratostomella piceaperda sp. nov. 

Coloniis juvenilibus conidiferis albis cremeisve, turn liriinneis-nigris cum 
peritheciis; hyphis juvenilibus hyalinis, 2.6m-5.5m, senescentibus brunneis, 6m-17m 
diam.; conidiophoris erectis, brunneis, ramosis, 170m~250m altis, 4 m-Bm latis; 
comdiis hyalinis, obovoideis vel clavatis, 3m-11m loHgis, 2m~4m latis, in liyphis 
piimo apparentibus, apice ramnlorum hyalmoriim gestis, in guttain mucosaiu 
conglobatis; peritheciis nigris, globosis, hirsutis, 90m-350m altis, 8()m~340m latis; 
rostellis 110m-980m longis, 25m-45m diam., ostiolo carento filamentis; ascis evani- 
dis, octosporis; ascosporis hy^inis, eUipsoideis, 3.6m-4.7m longis, 1.0m-2.4m latis. 

In ligno sapido Piceae glancae D€7idrociono piceaperda infestato, Nova Scotia ct 
Quebec, Canada. 


SUMMARY AND CONCLUSIONS 

That certain bark-boring beetles carry specific fungi with them on 
then flights has been established by an accumulation of data collected 
during a number of years. 

Ceratostomella ips, which causes the blue stain of sapwood of conifers 
on the Atlantic coast when infested with eastern species of Ips and 
which causes a blue stain of pine trees in western Japan, has been 
foimd to be associated also with the bark beetles Ips emarginatus, L 
integer, and /, oregoni, which infest conifers on the Pacific coast. 
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Teckaical descriptions of two new fungi associated with bark 
beetles are given. 

Ceratostomella pseudotsugae n. sp. is associated with Deiidroctonus 
pseudotsugae, which infests Douglas fir and larch on the Pacific coast. 

Ceratostomella piceaperda n. sp. is associated with Dendroctonus 
piceaperdaj which infests spruce in eastern Canada. 




RELATION OF ACCESSORY GROWTH SUBSTANCES TO 
HEAVY METALS, INCLUDING MOLYBDENUM, IN THE 
NUTRITION OF ASPERGILLUS NIGER ^ 

By Robert A. Steinberg 

Associate 'physiologist ^ Division of Tobacco and Plant Nutiition^ Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

The data presented in this paper were obtained initially in an at- 
tempt to develop a method for the complete removal, by extraction 
with alcohol, of heavy metals from the constituents employed in a 
nutrient solution for Aspergillus niger Van Tiegh. Though the method 
proved inapplicable for the purpose in mind, the results were extended 
and amplified once their significance in investigations on the accessory 
growth substances required by micro-organisms was realized. Corre- 
lation of the data on the heavy-metal requirements with those on the 
accessory growth bodies was considered also to be of importance. 

The first observation on the existence of accessory bodies essential 
for the nutrition of the fungi w^as that of Wildiers who in 1901 

announced the discovery of ^^bios’^, a hypothetical organic substance 
that he considered essential for the nutrition of yeast. This substance 
he found to be present in the filtrates of old yeast cultures and in ap- 
parently pure sucrose. It could be extracted from sucrose with 80- 
porcent alcohol. The subsequent discovery of vitamins and of their 
importance in animal nutrition has led to the belief that ^^bios^^ func- 
tions similarly with the fungi. Investigators, however, have not 
agreed upon the necessity of ^^bios” and similar substances for the 
nutrition of fungi and bacteria, although the difficulties associated 
with the maintenance of pure cultm'es of micro-organisms in artificial 
media are not disputed. Effect of quantity of inoculum, dying out of 
cultures, and alterations in virulence and other functions are phenom- 
ena recognized by all. 


REVIEW OF LITERATURE 

Of the volunmous literature on the accessory substances required 
by micro-organisms, mention may be made of a few recent papers. 
Hall, James, and Stuart (5) have reported that recrystallization of 
sucrose with alcohol eliminated a substance believed to be an organic 
nitrogen compound (bios) the presence of which is necessary for the 
growth of yeast. Extraction of sucrose with alcohol, on the other hand, 
results in the removal of another hypothetical organic substance 
(“coenzyme R’’)? identical with bios, that is essential for the 
development of Rhizohia, according to Allison, Hoover, and Burk {2). 

Claims of the existence of other accessory growth substances also 
have been made. Nielsen and HarteHus (^ state that Rhizopus 
suinus elaborates two such substances, one of which is identical with 

1 Received for publication Nov. 2, 1935; issued April 1930. 

2 Reference is made by number (italic) to Literature Cited, p. 448. 
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heteroauxin, regarded by Went as a growth hormone of green 
plants. The second substance is ^'growth substance an accessoiy 
body for growth of Aspergillus iiiger^ Vitamin the antineuritic 
growth factor, is considered by Schopfer (8) to be essential for the 
development of certain of the inucors. Peskett (7) has published an 
extensive review of the literature. 

METHODS 

Both extraction with 95-percent alcohol and recrystallization with 
SO-percent alcohol have been employed for the removal of contam- 
inants from sucrose in these investigations. The sucrose utilized was 
a highly refined sugar containing 0.002 to 0.0025 percent ash. Other 
chemicals were of reagent grade. The water was redistilled in Pyrex 
glassware. The organism was grown for 5 or 6 days at 34.7^^ to 
35.1° C., in 200-cc Erlenmeyer flasks containing 50 cc of nutrient 
solution. The moculum per flask averaged 0.05 mg (dry weight) of 
spore material. 

Further details regarding the composition of the solutions used, the 
method of nutrient-solution purification, and other features will be 
found in former publications by the waiter {10, 11). All solutions 
contained 5 percent of sucrose and the necessary salts.^ 

The values tabulated are each the average of two duplicate cultures. 
The percentage ^fields are obtained by dividing the yield in the solu- 
tion with an element omitted by the yield with the element present. 
That is, the yield in the complete nutrient, referred to as the maximum 
yield, is taken as equal to 100 percent in each experiment. 

GROWTH WITH SUCROSE PURIFIED BY MEANS OF ALCOHOL 

The components of the nutrient solution were extracted with freshly 
distilled 95-percent alcohol for 6 hours or longer in a Pyrex extraction 
apparatus. The sucrose dissolved partially, the ammonium nitrate 
completely, 'while the dipotassium phosphate and the magnesium 
sulphate were practically insoluble. The ammonium nitrate was 
permitted to crystallize from the solvent, which was filtered off, and 
the crystals were dried at 103° C. to remove alcohol. The crystals 
of the other compounds were dried similarly. All were kept in a 
desiccator over anhydrous calcium^ cliloride imtil required for use. 
The cqmpoimds retained the identical chemical formulas that they 
had originally except hi the case of magnesium sulphate. Ignition 
of a sample of the latter compound after extraction wdth alcohol 
revealed that it had changed from heptahydrate to dihydrate; 0.38 g 
of the latter is formed from 0.6 g of the former. 

Table 1 shows growth of the fungus in a nutrient solution (dibasic) 
composed of 1,000 cc of water redistilled in Pyrex glassware, 50 gof 
sucrose, 2 g of ammonium nitrate, 0.48 g of dipotassium phosphate 
and 0.6 g of heptahydrate (or 0.38 g of dihydrate) magnesium sulphate. 
One experiment is with unextracted ingredients, another with ex- 
tracted sucrose but unextracted salts, and the tMrd with components 
all of which had been extracted with alcohol. Iron, zinc, copper, and 
manganese, when added to the solution, w^ere in amounts of 0.20, 
0.14, 0.04, and 0.02 mg per liter, respectively. 
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Table 1. — Effect of alcoholic extraction of the nutrient-solution ^ components upon 
the iron, zinc, copper, and manganese requirements of Aspergillus niger 


Heav>^ 
metal = 
omitted 

Reagent compounds not ex- 
tracted (mitiai solution, pH, 

7 13) 

Sucrose extracted (initial 
j solution, pH, 7 05) 

All components extracted 
(initial solution, pH, 6.99) 

Propor- 
tion of 

1 maxi- 

Yield mum 
yield 
ob- 

tdiiied 3 

Spor- 

har- 

vSt 

1 

Yield 

Piopoi- 

Acid- 

ma\i- 

mum 

?est 

tained 3 

Spor- 
ula- 
tion ^ 

Propor- 
tion of 
maxi- 
Y leld mum 

yield 
ob- 
tained 3 

Acid- 
ity at 
bar- 
ve'^t 

1 Spor- 
ula- 
tion ^ 


Mg Percent 

VH 

Mg 

Percent pH 


JHg PtTceni 

pH 


All 

80.7 7 60 

2 48 6, bl- 

37.3 

4.33 2.82 

4, J— 

29. 6 3. 59 

3.08 

2, bl 

Fe 

340 5 32 09 

1 89 4,bL. 

291.7 

33. 86 1 85 

4,j — 

422.7 51.73 

1 79 

6, bl. 

Zn 

111.5 10.51 

2,34 6,bL. 

60 4 

7 01 2 fd 

4, J-- 

40. 3 4 93 

2 74 

4, j. 

Ou ! 

959 9 90.45 

i 2.44 2,bl.. 

780 4 

90.60 1.82 

2, w.. 

771. 9 94 46 

1.91 

4, y. 

Mn--.- 

821. 0 77. 37 

1 1.94 2,bLJ 

672. 8 1 

78. n 1 64 

2, w- 

768.7 94.09 

1.76 

6, bl. 

None-- 

1,061.2 100.00 

2.48 6,bl-- 

861. 4 ! 

100.00 1 75 

4, j— 

817. 2 100. 00 

1.80 

6, bl. 


J The nutrient solution (dibasic) was composed of 1,000 cc of water redistilled in Pyrex glassware, 60 g 
of sucrose, 2 g of ammonium nitrate, 0.48 g of dipotassium phosphate, and 0 6 g of heptahydrate (or 0.3S g 
of dihydrate) magnesium sulphate. 

3 Heary-metal concentrations were as follows: Fe, 0.20; Zn, 0 14; Cu, 0 04; and INJin, 0.02 mg per liter. 

3 Yield from complete medium with no metal omitted taken as lOO percent. 

< Sporulation is mdicated as 0 (sterile) to 10 (black with spores), and spoie color by the initial letter or 
letters of the words jet, black, brown, tan, yellow, and white. 

A distinct decrease in yield is shown in both cases as the result of 
extraction with alcohol. Not only is the yield diminished in the 
miniis-heavy-metal and the mmus-zinc cultures, but it is also lower 
in the full-nutrient cultures. Apparently the decrease in yield is due 
partially to the removal of zinc from the sucrose and the salts. Suf- 
ficient zinc is thus removed to cause a decrease in the percentage of 
inaximum yield from 10.51 to 4.93 in the minus-zinc cultures. Addi- 
tional trials vdth the full-nutrient solution revealed that the supply 
of zinc had become deficient and that the maximimi yield averaged 
about 940 mg when the zinc removed from the sucrose (0.02 mg Zn 
per liter) was replaced, or approximately 13.2 percent less than with 
unextracted sucrose. The decrement in yield with the full-nutrient 
culture appeared to be dependent to some extent upon the duration 
of extraction, but was not due primarily to a deficiency of any of the 
known constitiipts of the nutrient solution. 

Further studies were concerned, therefore, with the identification 
of the unlcnown material responsible for the diminution in maximum 
yield. The effects of 55 elements, including the 12 Imown chemical 
elements of the nutrient solution, were tested on the growth of 
Aspergillus mger in the nutrient solution under discussion, and in 
several other deficient nutrient solutions as well. The net result of 
these experiments here applicable may be briefly summarized by the 
that molybdenum is essential for growth and sporulation 
of this fungus. Its addition made up the deficiency in maximum yield 
use of purified sucrose. A comparison of the results 
obtained with untreated sucrose, extracted sucrose, sucrose recrystal- 
lized once \rith 80-percent alcohol, and sucrose three times so re- 
crystallized is given in table 2. 
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Table 2. — Effect of alcohol purification of sucrose upon the growth and development 
of AspeigiUiis ruger in relation to role of heavy metals, ivith special reference to 
molybdenum 



Sucrose not purified (initial 

Sucrose extracted 6 hours 

Sucrose evtraclod G hours 


solution, pH 7.22) 

(initial solution, pH 7.12) 

(initial solution, pH 7.23)2 

Heavy 

.... 

Proper- 




Proper- 




Piopor- 



omit- 


tiori of 

Acid- 



tion of 

Acid- 



tion of 
maxi- 
minu 
yield 
ob- 

Acid- 


tedi 

Yield 

maxi- 

mum 

yield 

ity at 
har- 
vest 

Spoiu- 
lation < 

Yield 

mum 

yield 

ob- 

ity at 
har- 
vest 

Sporu- 
latiou < 

Yield 

ity at 
har- 
vest 

Spom- 
lation < 



tamed 3 




tamed 8 




tamed 2 




Mg 

^Percent 

pH 


Mg 

Percent 

pH 

2,bl- 

Mg 

Percent 

pH 


All 

49. S 

1 46 

2 SI 

2, bl- 

27.0 

2 48 

2 96 

27 2 

2 48 

2, 80 

2, bl. 

Fe 

275.4 

21 68 

1 81 

4, bl- 

309 6 

28 45 

1 83 

4, bl- 

302 4 

27 49 

1 83 

4, bl. 

Zn--_- 

105.5 

9. 45 

2 35 

6, bl- 

38 5 

3 54 

2 78 

4,1b.- 

50.0 

4 55 

2. 67 

4, bl. 

Cu— . 

1,019 4 

91. 35 

2 56 

2,t— 

1,059 3 

93 35 

2 78 

2,t— 

1, 029. 4 

93 59 

3. 12 

2,t. 

Mn_.- 

934 4 

S3 74 

1 81 

4, hi- 

930 G 

85.51 

1 88 

4, bl- 

814.3 

74 03 

1 SO 

2, bl. 

Mo.— 

1.018.1 

91 15 

1 SS 

4,bl - 

1, 004 3 

92 28 

1 90 

6, bl- 

984.3 

89 19 

1.93 

6, bl 

Xone-- 

1, 115.9 

100 00 

2.f« 

S,bl- 

1, 088 3 

100 00 

2 55 

8,bl- 

1, 099 9 

100 00 

2. 84 

6, bl 

I 

Sucrose e\tracted 12 hours 

Sucrose recrystal 1 1 zed (initial 

Sucrose recrystalllzed 3 tunes 


(initial solution, pH 7.17) 

solution, pH 7.06) 

(initial solution, pll ?) 

Heavy 
metal 
omit- 
ted 1 


Proper- 




Propor- 




Propor- 



Yield 

tion of 
maxi- 
mum 
yield 

Ob- 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation < 

Yield 

tion of 
maxi- 
mum 
yield 

Ob- 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation < 

Yield 

tion of 
maxi- 
mum 
yield 
ob- 

Acid- 
ity at 
har- 
vest 

Sjjoru- 
lation < 



tained^ 




tamed 3 




tamed 3 




Mg 

Percent 

pH 


Mg 

Percent 

pH 

2,bl.. 

Mg 

Percent 

pH 

3,bl. 

All 

32.0 

2.87 

2 96 

2,j — 

29.4 

2. 65 

2.92 

35.3 

3.25 

2. 87 

Fe 

336 0 

30 11 

1 81 

4, j... 

340 1 

30 71 

1. 76 

4,bl . 

422.3 

38 89 

1.73 

C, bl. 

Zn 

53.0 

4 75 

2.65 

4,1 — 

50 6 

4 57 

2.73 

4,bl.. 

38 8 

3 57 

2 74 

3, bl. 

Cu 

1,039.9 

93 19 

3 07 


997.6 

90 07 

2 94 

2,y.- 
2, bl.. 

950 6 

87. 63 

3. 07 

2,t 

Mn.,.. 

844. 7 

75. 70 

1.82 

2,j.- 

956.7 

86.38 

1.82 

998.5 

91 94 

1.85 

2, bl. 

Mo.,-. 

SSl.l 

78.96 

1.86 

4,1... 

962 2 

86 87 

1.84 

6, bl- 

1, 000.4 

92 12 

1. 94 

7, bl. 

None.. 

1,115.9 

100.00 

2.83 

6,bl.. 

1, 107. 6 

100 00 

2 66 

8, bl- 

1,086.0 

100 00 

2. 76 

7, bl. 


1 The heavy-metal coneentrations used were as follows: Fe, 0.20; Zn, 0.14, Cu, 0 04; Mn, 0 02; and Mo, 
0.01 mg per liter, except that in experiments 3 and 4 the zmc content was 0 16 nig per liter. 

2 The extraction apparatus was thoroughly cleaned of residues from previous extraction. 

8 See footnote 3. table 1. 

* See footnote 4, table l. 


Tlie effects of purification of sucrose with alcohol at low impurity 
levels appear to be the same whether extraction or recrystallization 
is employed. They differ, however, with the individual heavy metal 
present in the sucrose. Zinc and molybdenum are lemoved partially 
by these procedures, although the results with the latter are rather 
erratic. Copper is removed to a slight extent, especially through 
repeated recrystallization. Iron and sometimes manganese, however, 
give definite indications of an increase in concentration in the sucrose 
through this procedure. It will he observed that the maximum yields 
are practically identical. It should be added, however, that filtration 
was omitted during the recrystallization process. 

The results of the experiments with purified sucrose are more 
intelligible if it is kept in mind that the sucrose emplo^^ed is of an 
exceptional grade of purity, containing not over 0.0025 percent ash. 
With sucrose of a significantly lower degree of purity the effects of 
purification become far greater. It should not be forgotten, moreover, 
that the comparisons usually made in studies on accessory bodies 
would correspond to the contrasts in the present investigation between 
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cultures containing sufficient nutrients for maximum growth and 
cultures deficient m more than one constituent. 

Additional data bearing upon the need of AsjyergUlus niger for 
molybdenum are shown in table 3. The data are from solutions 
differing in composition and in treatment in order to avoid so far as 
practicable the possibility of error through the use of a single and 
perhaps abnormal solution. The cultures were grown for 5 days. 
The first two experiments were performed simultaneously, the addi- 
tion of iron sulphate (25 mg per liter) in combination with calcium 
carbonate being practically without effect. The added iron is re- 
moved and possibly a trace of copper added. The results in these 
two experiments are quite uniform and serve to illustrate the experi- 
mental precision that may be attained vith duplicate cultures. The 
results obtained in the next experiment demonstrate that the data 
obtained with Pyrex glassware are practically identical with those 
with quartz. Such differences as exist are probably due to the use of 
decantation instead of filtration in the experiment with quartz. In 
this experiment, water redistilled in quartz and quartz vessels were 
employed in all operations except measurement. In the last experi- 
ment equivalent amounts of magnesium nitrate and sodium sulphate 
were substituted for the magnesium sulphate of the dibasic nutrient 
solution. Comparison of the results with those in the first experiment 
of table 2 indicates the presence in the magnesium sulphate of sig- 
nificant amounts of iron, manganese, and particularly molybdenum. 


Table 3. — Effects of modifications in nutrient solution com'position and treatment 
on the growth and development of Aspergillus niger with heavy metals^ particularly 
with molybdenum 



Dibasic nutrient solution purified with 
CaCOs (pH 7 02) 

Dibasic nutrient solution purified with 
CaC03+FeS04 (pH 6.98) 

Heavy metal 
omitted 

Yield 

Propor- 
tion of 
maxi- 
mum 
yield ob- 
tained 3 

Acidity 
at har- 
vest 

Sporula- 

tion* 

Yield 

Propor- 
tion of 
i mavi- 
mum 
yield ob- 
tained 2 

Acidity 
at har- 
vest 

Sporula- 

tion 

Ain_ 

Mg 

9.2 

Percent 

0. 03 

i jpH 

3.33 

1, 3 

Mg 

10.8 

Percent 

1.06 

pH 

3. 16 

1,3. 

Fe 

20 7 

2 10 

3 10 

1, bl 

21.3 

2. 10 

2. 99 

, 1, bl. 

Zn i 

10 7 

1. 70 

3 14 

1, j 

22 7 

2 24 

3 06 

1, bl. 

Cu - 

744 3 

75 58 

1 87 

2, t 

807 7 

79 55 

1 93 

2, t 

Mn 

771.4 

78.33 

1.80 

2, bl 

805.9 

79.38 

1.80 

2, bl. 

Mo 

901 2 

91 51 

1.71 

4, j 

1 926. 8 

91. 18 

1.75 

4,i 

4, bl 

None--- - 

984 8 

100 00 

2.13 

4, bl 

1 1,015.3 

100.00 

2. 16 


Dibasic nutrient solution purified with Untreated dibasic solution i modified bv 
CaCO -5 in (luartz vessels and culture substitution of MgCNOa )2 and Na 2 S 04 
flasks (pE 7.00) for MgSO^ (pH 7.22) 


Heavy metal 
omitted 

Y leld 

Propor- 
tion of 
maxi- 
mum 
yield ob- 
tained ^ 

Acidity 
at har- 
vest 

Sporula- 
tion 3 

Yield 

Propor- 
tion of 
maxi- 
mum 
yield ob- 
tained 2 

Acidity 
at har- 
vest 

Sporula- 
tiou 3 

All 

Mg 

7.4 

Percent 

0.78 

pH 

3. 18 

1, j 

62.4 

Percent 

5.07 

pH 

2.53 

2, bl. 

Fe - 

28 5 

3.00 

2. 95 

1. 1 

174.4 

16.86 

2.00 

4, bl. 

Zn 

15.0 

1.68 

3,00 

i; J 

80.4 

7. 77 

2.04 

6, bl. 

Cu - 

839 2 

88 22 

2. 17 

3, t - 

916.9 

88 66 

2 51 

2, w. 

Mn 

899 3 

94.63 

1.67 

3, ] 

754.5 

72 96 

1.81 

2. i. 

Mo 

930 2 

97.78 

1.93 

6, bl 

677.9 

65 55 

1. 72 

2, bl. 

None 

951.3 

100.00 

2.06 

6, bl 

1,034.2 

100.00 

2.36 

8, bl. 


1 Equivalent amounts of M:g(N 03 ) 2 . 6 H 20 and Na 2 S 04 were substituted for MgSOi.THaO. 
3 See footnote 3, table 1. 

3 See footnote 4, table 1. 
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As a final check upon the necessity of molybdenum for the develop- 
ment of the fungus, three other salts of this element were tested. 
Besides the ammonium molybdate customarily employed, a sample 
of sodium molybdate from the same manufacturer was also used. In 
addition, samples of both these salts purchased from another manu- 
facturer were tested in a similar manner. The results obtained with 
all molybdenum salts were quite similar and indicated the necessity 
for this element in the nutrition of Aspergillus niger. 

GROWTH WITH MISCELLANEOUS ORGANIC SUBSTANCES 

The results shown in table 4 were obtained in an attempt to deter- 
mine the effects of traces of organic materials stated to contain 
accessory growth substances or of the alleged growth substances 
themselves upon the growth of Aspergillus niger. The absence of 
any increase in maximum yield (compare experiment 1, table 2) as a 
consequence of the addition of these materials would indicate that 


Table 4 — Effect of miscellaneous organic substances upon the growth of Aspergillus 
niger in a dibasic nutrient solution 



Heavy moculuni- used with 
solution (mitul pH, 7 19) 

Vitamin B3 present in solu- 
tion (initial pH, 7.1S) 

Ahtanim C ^ present insolation 
(initial pH, 7 21) 

Heavj^ 
metal i 
omitted 

Yield 

Pro- 

portion 

of 

maxi- 
mum 
yield 
ob- 
tained ® 

Acid- 
ity at 
har- 
vest 

Spor- 
ula- 
tion ' 

Yield 

Pro- 

portion 

of 

maxi- 

mum 

yield 

ob- 

tained® 

Acid- 
ity at 
har- 
vest 

Spor- 
ula- 
tlon 7 

Yield 

Pro- 

portion 

of 

maxi- 
mum 
yield 
ob- 
tained ® 

.Acid- 
ity at 
har- 
vest 

Spnr- 
ula- 
tion 7 

All 

Mg 

45 9 

Percent 
4 30 

j)fj 

2. 75 

6, bl.. 

Mg 

34.2 

Percent 
3 43 

pH 

2 88 

4,bl.. 

Mg 

30 0 

Percent 

2.91 

pH 

2 81 

4, bl 

Fe 

419 1 I 

39 27 

1 78 

6, bL. 

154.7 

15 52 

2.08 

4, bl- 

242.3 

23. 47 

1 S8 

4,bl 

Zn 

87 5 I 

8 20 

2 41 I 

6,bl.. 

36 2 

3 63 

2 81 

4, bl- 

51.7 

5 01 

2 08 

4, bl 

Cu 

S55 3 

80 14 

3 56 

4,t.- 

1 792 5 

I 79 52 

2 21 

i l,t-- 

910 3 

88 19 

2 54 

l,t 

Mn..,J 

9f)5 0 

1 90 47 

1 73 

2, bL, 

782 7 

1 78.54 

1 78 

2, bl.. 

788.7 

70 41 

1.72 

2, bl 

Ato,...: 

922 3 

1 S6 41 

1 83 

6. bL- 

! 783 2 

78. 59 

1 69 


' 702. 2 

70. 75 

l.OS 

tj. 

None—. 

1,067 1 

1 lOU.OO 

3 12 

S, bl.. 

996 0 

100.00 

2. 48 

r>,bl.. 

1,032 2 

100. 00 

2. 54 

6,bl. 


Heavy metal ‘ 
omitted 

i 

Yeast decoction ^ present in solution 
(initial pH, 7.15) 

Malt extract® present in sulutiun (initial 
pH, 7 17) 

Yield 

Pro- 
portion 
of maxi- 
mum 
yield ob- 
tained 8 

Acidity 
at har- 
vest 1 

Sporula- 
tion 7 

Yield 

Pro- 
portion 
of maxi- 
mum 
yield ob- 
tained 

Acidity 
at har- 
vest 

Sporula- 
tion 1 

All - 

Mg 

230.4 

572. 5 
' 264 6 

1,012 8 
: 032 2 

914.9 
1,053 2 

Percent 
21.88 
54 36 
25. 12 
98. 16 
88 51 
86. 87 
100 00 

pH 

2. 16 

1. 92 
2. 00 
3.29 
1.70 

1. 96 

2.96 

6 hi 

Mg 

212. 3 
409 8 
202 4 
984 1 
952.7 

1, 002. 2 

1, 055. 7 

1 

Percent 
20.11 
44 41 
24 86 
93. 22 
90.24 
94 93 
100. 00 

PH 

2 01 

1 84 

1 95 

3 28 

1 77 

2 54 
2.96 

6, hr 

8, bl 

4, Y. 

6,1 

8, bl. 

8,bl 

1 

Fe 

4,i 

Zn 

8 bl 

Cu 

4 i 

Mn 

6,] 

Mo 

8 bl 

None 

9 bl 




Heavy-metal concentrations were as follows; Fe, 0.20, Zn, 0.16, Cu, 0 04, Mn, 0 02, and Mo, 0 01 mg par 

2 Inoculum 20 times standard or about 1 0 mg per flask, 
s Vitamin Bi or vitamin G at 5.0 mg per liter. 

* Yeast decoction, 1 0 cc of a l-percent solution per liter (filtered) 

® Malt extract 10 cc of a 1.6-percent solution per liter (filtered), 
fl See footnote 3, table 1, 

7 See footnote 4, table 1. 
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growth of the stram of Aspergillus niger used ia these experi- 

ments is not dependent upon accessory growth substances. Owing 
to the writer’s inabiUty to obtain a culture of Rhizopus suinus at this 
time, no test of Nielsen’s ^'growth substance B” could be made. It 
should be noted, however, that Nielsen’s maximum yield for Asper- 
gillus niger is 1,168 ±68 mg for 2.5 g of sucrose, while that obtained 
by the author with recrystallized sucrose and without accessory 
growth substances has been as high as 1,192.0 mg per 2.5 g of sucrose. 

The data of table 4 indicate that growth increases obtained by 
investigators with accessory growth materials such as yeast extract, 
malt extract, and similar substances derived from organic materials 
are due, at least partially, to the presence of heavy metals in these 
substances. The experiments of table 4, in fact, may be considered 
as biological assays of the iron, zinc, copper, manganese, and molyb- 
denum content of these materials. A crude approximation of the 
heavy-metal content introduced can be arrived at if proportionality 
in cause and effect is assumed. The difference in percentage maximum 
yields between the test solution and the control, divided by the similar 
difference between the maximum and the continl, times the optimum 
concentration, equals the amount of heavy metal introduced. 

AN OPTIMUM NUTRIENT SOLUTION 

It was pointed out in a former publication {10) that the mineral 
constituents contained in the Pfeffer optimum solution and in the 
Raulin optimum solution were excessive in quantity because of the 
failure to include all heavy metals essential for the growth of Asper- 
gillus niger. The optimum solution (dibasic), as determined by the 
writer, suffers from the same defect, since no molybdenum was added. 
Table 5 affords a comparison of these solutions and of a re\dsed dibasic 
solution wliicb includes molybdenum (0.02 mg per liter), as well as 
iron (0.20 per liter), zinc (0.18 per liter), copper (0.04 per liter), and 
manganese (0.02 per liter). The ammonium nitrate, dipotassium 
phosphate, and magnesium sulphate were used in amounts of 1.90 g, 
0.35 g, and 0.25 g per liter, respectively. The yield at 35° C. is ap- 
proximately 1,175 mg per 2.5 g of sucrose for a growth period of 5 days. 
The coefffcient of utilization, therefore, is about 47 percent. 


Table 5. — A comparison of oplimmn solutions giving maximum yields of Aspergillus 

niger 


Solution 

Total con- 
tent of 
salts per 
liter 

Heavy metals added 

Milligrams per liter of indicated element 

1 

N 

K 

P 

Mg 

S 

Pfeffer ! 

Raulin... i 

Dibasic 

Revised dibasic 3... 

1 

Grams 

17. 50 

6. 77 

3 OS 
2. 50 

Fe 

Fe, Zn 

Fe, Zn, Cu, Mn 

Fe, Zn, Cu, Mn, Mo 

3, 500.0 

1, 017.0 
700 0 
665.0 

1,435.0 

250.0 
215.6 

157.1 j 

1,140 0 
108.0 

1 85 4 

I 61,3 

247.6 

66.0 

59.4 

24.8 

325.0 

53.0 

2 78 0 

3 32.5 


1 Phosphorus probably in excess. 

2 Sulphur m excess. Actual optimum about 20 mg per liter. 

3 Includes heavy metals m following concentrations* Mo, 0.02; Fe, 0.20; Zn, 0.18; Cu, 0,04; and Mn, 0.02 
mg per liter; also NHiNOa* 1.90; KjHPOi, 0.36; and MgS0<.7H20, 0.26 g per liter. 


58104—36 i 
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DISCUSSION 


The evidence obtained with respect to the need of the fungus for 
molybdenum is quite convincing. ^ The action of molybdenum is 
specific as judged by a comparison with that of salts of 54 other chemi- 
cal elements, and apparently is not due to the presence of an impurity 
in the molybdenum compounds employed. Its presence aids both 
growth and sporulation and hastens development so that the maxi- 
mum yield is attained a day earher. The results, furthermore, cannot 
be attributed to any peciiliarity of the nutrient solution, inasmuch 
as several other nutrient solutions gave similar results. ^ Lastly, its 
inclusion in the formula of the optimum solution results in a decrease 
in the total quantity of salts per hter required for maximum growth 
from 3.08 g to 2.50 g, or about 19 percent. 

The fact that growth is still appreciable even though no molyb- 
denum has been added to the nutrient solution is without doubt due 
to unremoved traces of molybdenum. The spores used for inoculat- 
ing the cultures also probably contain traces of this element. The 
same condition exists wdth respect to iron and zinc, and especially 
copper and manganese. In experiments reserved for publication in 
another connection it has been possible to^ obtain much greater 
differences in growrih wfith and without addition of molybdenum to 
the nutrient solution. The fields are only about 10 to 12 percent of 
those in the complete nutrient solution, or poorer than those reported 
for iron, copper, and manganese in this paper. 

Bortels (d, 4) has claimed that molybdenum and probably vaiiadiimr 
are necessary for the process of nitrogen fixation in Azotohacter and 
in Rhizobia. Schroder (P), moreover, considers molybdenum, as well 
as iron, zinc, copper, tungsten, silica, and perhaps calcium, essential 
for nitrogen fixation by Azotohacter, Though later investigators have 
noted also that growth is accelerated by molybdenum, the impression 
remains that a special connection exists betw^een molybdenum and 
nitrogen fixation. It is doubtful, howwer, in Yie'sv of the results wuth 
Aspergillus niger^ whether the needs of these bacteria for molybdenum 
are limited to the process of nitrogen fixation. Alolybdenum, in all 
probability, aids nitrogen fixation primarily because it is an element 
essential for growth and development, even though it may play a 
specific part in nitrogen metabolism. 

The successive decreases in the quantities of nitrogen, potassium, 
phosphorus, magnesium, and sulphur required for maximum yields, 
with more complete provision of the essential heavy metals, probably 
constitute a factor in agricultural practice as well as in nutrient-solu- 
tion studies. ^ On the other hand, though the chemical elements 
required only in minute quantities may be assumed to be present in tlie 
majority of soils in amounts sufficient for maximum yield of green 
plants, it seems likely that at least some if not many exceptions occur. 
The deteimination of the chemical element essential in minute quan- 
tities for plants cannot be considered, therefore, as a problem of only 
abstract importance. 

. No evidence could be obtained that Aspergillus niger C'W’ strain) 
requires the presence of accessory growth substances for its normal 
growrih and development. The diminution in yields of this organism, 
obtained as a result of alcoholic purification of the sucrose of the 


3 The pres^ce of molybdenum, as well as of iron, zme, copper, and manganese, has been detected re- 
peatedly m the ash of tobacco plants by the effects of these metals on the growth of Aspergillus niger. 
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nutrient solution, proved to be due to the removal of zinc and of 
molybdenum. That the procedures adopted are comparable to those 
recommended by others for work of this character would seem certain, 
since as the result of their employment the nutrient solution proved 
entirely incapable of supporting the growth of various Rhizohia and 
Saccharomycetes except upon the addition of other substances. 

On the other hand, the use of organic materials or of substances 
derived from such materials may lead to exaggerated responses 
because of the concomitant addition of heavy metals with the sup- 
posed accessory growth factors. The presence ^in such materials of 
heavy metals essential for growth is definitely indicated in these experi- 
ments and should be taken into account. The employment, for 
example, of a culture medium considered by Allison and Hoover (1) 
to be suitable for demonstrating the necessity of ‘ 'coenzyme for 

Rhizobia involves the use of an excess of calcium salt at pH 6.9 from 
which the clear solution is siphoned. This procedure happens to be a 
variant of the writer method of nutrient-solution purification for the 
removal of heavy metals. Utilization of this treatment suggests the 
partial influence of heavy metals on the increases in growth attributed 
to "coenzyme E.^' 

The absence of evidence in confirmation of the results of Nielsen 
and Hartelius (6) with Aspergillus niger and "growth substance 
requires further elucidation. It may be, of course, that the strain 
employed by Nielsen and Hartelius would respond exactly as does 
the strain under these conditions. This might imply that the 
hypothetical "growth substance B^Ms simply a mixture of essential 
heavy metals, perhaps in organic combination. On the other band, 
there is definite evidence in the literature that the individual accessory 
growth substances are'Jrequired in markedly different degree even by 
forms in closely related genera. That this would also apply to species 
of the same genus and even to strains of the same species in some 
cases is not improbable. Another interpretation is possible, however. 
Since the necessity for these specialized bodies would imply a loss in 
physiological functions, namely, the ability to synthesize various 
organic chemical nuclei essential for metabolism, its effect would be 
to induce specialization within a more or less restricted habitat. 
That is to say, an organism like Aspergillus niger, which seems to 
grow quite freely on all types of substrata, would not be apt to 
require accessory growth substances unless these are universally 
present in practically all types of organic materials. 

SUMMARY 

The growth and development of Aspergillus niger in synthetic 
nutrient solutions have been studied with special reference to the 
influence of heavy metals and accessory growth substances. The 
results indicate that accessory growth substances are not required 
for the nutrition of A. niger ("W'^ strain). The decreases in yield of 
this fungus consequent upon utilization of sucrose purified by alcohol 
(the procedure for removal of "bios’' and "coenzyme R”) are due 
almost entirely to the removal of zinc and of molybdenum. Extracts 
of organic materials, also, such as yeast decoction or malt extract, 
when used as a source of assumed accessory growth substances, may 
cause an increase in growth because of the essential heavy metals they 
contain. 
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Molybdenum is essential for the growth and development oi Asper- 
gillus niger, and therefore cannot be associated exclusively with the 
process of nitrogen fixation in bacteria. An optimum solution (5 
percent sucrose) for the growth and development of this fungus, con- 
taining iron, zinc, copper, manganese, and molybdenum, as well as 
the usual constituents, has a total salt content of 2.50 g per liter. 
Experimental precision within 1 percent in the values of percentage 
maximum yield is attainable with duplicate cultures in replicate trials. 
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CHRYSIS SHANGHAIENSIS SMITH, A PARASITE OF THE 
ORIENTAL MOTH ^ 


By D. E. Parker ^ 

Junior entomologist^ Division of Forest Insect Iiiveshgations, Bureau of Entomology 
and Plant Quarantine, United States Depart7nent of Agriculture 

INTRODUCTION 

Chrysis {Pentachrysis) shanghaiensis Smith is a parasite of the 
oriental moth^ Onidocam^a flavescens (Walk.) (5),^ in the Orient, its 
native habitat, but attempts to estabhsh it in the area around Boston, 
Mass., infested with this moth have been unsuccessful. These at- 
tempts were made by Fernald (5) in 1917 and 1918, when he liberated 
adults that issued from cocoons of the oriental moth parasitized by 
C, shanghaiensis received from China. Although 6 percent of the 
cocoons collected in 1919 were parasitized, no recoveries from these 
hberations have been made since that time. 

In recent years several shipments of oriental moth cocoons have 
been made to this country from Japan with the object of introducing 
parasites that might aid in the control of this pest. Among those 
received in 1932 was Chrysis shanghaiensis ^ This paper presents the 
results of tw’o seasons^ work mth the species and notes on its habits. 
It was intended to conduct experiments the foUovung year, but the 
low temperatures in the winter of 1933-34 killed all the hibernating 
larvae of Chrysis, 

GENERAL HABITS OF CHRYSIDIDAE 

The majority of the chtysidids are parasites or inquilines of solitary 
wasps and bees. The females lay eggs in the nests being provisioned 
by the rightful owner, and the larvae developing from these eggs eat 
the provisions, or the larvae of the wasps and bees that develop on the 
provisions, or both. 

Marechal (12), describing the development of Chrysis ignita L. on 
Odynerus yarietum L., stated that the larva of Chrysis consumes the 
partly developed larva of Odynerus and the remaining provisions in 
the nest. 

Ferton {6^ ch. 5) observed that some species of Chrysis prevent 
competition from their own lands by the destruction of all eggs by 
the first lai’va to hatch. 

Hicks (8) described the habits of Chrysis yacifica Say, parasitic on 
the mature larvae of Alcidamea brachyodonta Cldl. The host cell is 
stored with pollen. The larvae of Chrysis were found on host larvae 

1 Received for publication Oct. 26, 1935; issued April 1936. 

2 The author is indebted to C, W. Collins, m charge of the laboratory of the Bureau of Entomology 
and Plant Quarantine, formerly at Melrose Highlands, Mass., for making these studies possible, and to 
O. P. Clausen, in charge of foreign parasite introduction, of the same Bureau, for abstracts of papers con- 
cerning the habits of Chrysididae. 

* Reference is made by number (italic) to Literature Cited, p 457. 

< These cocoons were sent to the Bureau of Entomology laboratory at Melrose Highlands, Mass , by 
L. B. Parker, of the Japanese and Asiatic beetle investigations, who had collected them on the island of 
Shikoku, Japan. 
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of Yarious sizes, but little or no feeding occurred until the host reached 
the prepupal stage. 

Janvier (5, p. 287), working wth Tetrachrysis ccirinata Guer., an 
external parasite of the matui'e larva of Odynerus humeralis Hal. in 
Chile, found that feeding host larvae are not attacked but only 
those that have spun their cocoons. The male Tetrachrysis , after 
feeding for several days on flowers, searches out a host cell and makes 
a hole in it. It is then revealed that this cell contains a female 
Tetrachrysis. The female is seized by the thorax and pulled out 
and mating is then accomplished. 

Chapman (2) recorded observations on Chrysis bidentata L. {viri^ 
dula L.), a solitary, external parasite of the larva of Odynerus syini'pes 
(L.) Spin. This species attacks mature larvae of the host in cells 
that are incompletely protected in unfinished burrows. From 6 to 
10 eggs are placed on a host larva, but there is no evidence that 
more than 1 egg ever hatches. 

Bordage (f), observing the development of Chrysis lusca var. 
concinna Grib., a parasite in the cells of Sceliphron, noted that the 
egg of Chrysis hatches after the host egg hatches and that a combat 
occurs between the primary stages of the parasite and the host. 
If the host egg does not hatch, the parasite larva dies without touch- 
ing the mass of food available. 

klaneval (11) cited the only instance of internal parasitism recorded 
for Chrysididae. Chrysis neglecta Shuck, is a solitary, internal 
parasite of the larva of Osmia vUlosa Schenck. The fii’st-instar larva 
of Chrysis enters the host larva and develops as an internal parasite. 
^ Chrysis shanghaiensis is an exceptional chrysidid, as it is a para- 
site of a lepidopterous host. The writer has seen no reference to 
any other chrysidid acting as a parasite of a lepidopteron. 

LITERATURE ON CHRYSIS SHANGHAIENSIS 

Chrysis shanghaiensis was described in 1874 by Smith (15). Moc- 
s^ry (12, p. 522) listed shanghaiensis as the only chrysidid parasitic 
on a lepidopterous host, Joannis (10) noted the presence of O. 
shanghaiensis in cocoons of the oriental moth received from China 
from P. E. Gaudissart, a missionary. The adults were determined 
by Gribodo, who published notes (7) on some of the habits of the 
species which he observed in material received from Joannis. Du 
Buysson (4) presented the distribution of the species, described 
the poison glands of the female, and S 3 nionymized C. hyinalaiensis 
klocs. and O. crassicvta Mocs. with C. shanghaiensis. The early 
attempts of Femald (5) to establish C. shanghaiensis in the area 
around Boston infested with the oriental moth have already been 
mentioned.^ Piel and CoviUard (14), in a paper on the oriental 
moth and its parasites, devoted considerable space to a discussion 
of G. shanghaiensi^, making many valuable observations on the 
habits of the species and describing some of the larval and pupal 
development. 

DISTRIBUTION 

According to Piel and CoviUard (J.4)) Chrysis shanghaiensis is a 
^uthern form, and they recorded it from India, the Himalayas, 
China, Siam, Sumatra, Java, and Gorontalo. It is also found in 
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Japan. Cnidocampa flavescens is recorded from the Orient, eastern 
Siberia, China, Chosen, and J apan. Since the range of C. shanghaiensis 
does not coincide with that of C. flavescens, it is probable that this 
parasite can reproduce on other Eucleidae found in these regions, 

HABITS 

BEHAVIOR OF ADULTS 

Adults of Ohrysis shanghaiensis respond quickly to changes of light 
and temperature. During cool weather or in subdued hght they 
congregate in places that afford protection and concealment. In the 
laboratory they are found between the cloth of the cage and its wooden 
framework, beneath papers upon which the food is placed, or in 
empty host cocoons. In bright light and at higher temperatures 
their activity increases. The antennae vibrate continuously, and at 
intervals the wings produce a rather high pitched buzzing sound. 
This is accomphshed without spreading the wings and is apparently 
due to a rapid friction between them. The adults are capable of 
strong and rapid flight.^ 

Like the adults of various other Chrysididae, they defend themselves 
against attack by wasps or bees by curling the abdomen under the 
thorax so that no soft parts of the body are presented to the sting of 
the aggressor. 

MATING 

Adults of Chrys'is shanghaiensis mate readily in cloth cages, or in 
wooden boxes with glass tops, on clear, warm days, and also, although 
more slowly, when there is no sunsliine. The males are very active 
and pursue the females vigorously, vibrating their wings so rapidly 
that they appear as a blur. This causes a humming sound that can 
be heard several feet away. In 15 observed matings the act lasted 
from 6 to 14 minutes, the average being 8 minutes. None of the 
females mated more than once, but two males mated twice. Attempts 
to obtain further mating by these males were unsuccessful. 

METHOD OP ATTACK 

The cocoons that were attacked in the laboratory had been collected 
in the field by cutting the twigs upon which they were spim, or had 
been formed in the laboratory by last-instar larvae collected in the 
field. Cocoons on twigs of the diameter of a pencil or larger were 
attacked most readily. 

The female Ohrysis approaches a cocoon and examines it with her 
antennae. If it proves satisfactory, she takes a position on the twig 
facing either end of the cocoon. If the cocoon has been spun in a 
crotch formed by two twigs, she can attack the cocoon from the side, 
but normally she prefers the ends. She grasps the twig firmly, the 
posterior legs slightly arched and the anterior legs placed somewhat 
forward, and applies the mandibles about one spot on the cocoon. 
While chewing a hole in the cocoon, she braces the five pointed pro- 
jections on the tip of her abdomen against the surface of the twig. 
She holds her body rather rigidly, but as the mandibles are scraping 
about the point of attack she turns her head first one way and then the 
other, maldng striations that completely surround the central point. 
When a hole is broken through the cocoon, she places the point of one 
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mandible in the hole and that of the other firnilj" on the surface of the 
cocoon away from the hole. The action then is a rasping and pulling 
one, working from the center toward the mandible which is used as 
an anchor. 

In seven instances tliis operation required from 10 to 30 minutes. 
In the majority of cases observed, however, it consumed nearly 30 
minutes, the lO-minute period being exceptional. 

The wall of the host cocoon is strengthened by a gradual hardening 
of the cementing substance used in its formation. It was noted that 
cocoons used a few hours after the host larva had completed the 
spinning were not satisfactory for Chrysis, Instead of chewing a 
small, roimd hole, the parasite would tear a jagged hole in the cocoon 
and leave without ovipositing. This did not occur when cocoons were 
held for 24 hours or more before they were placed with the Chrysis. 

OVIPOSITION 

In ovipositing, the female reverses her position on the twig and 
faces away from the cocoon. The long ovipositor is exserted, and she 
attempts to locate the hole that she has made in the cocoon. In a 
few’ of the cases observed the hole wms apparently not suitable, for 
the female turned and enlarged it. ^Vhen the ovipositor is fully 
inserted, the tip of the abdomen is practically resting on the cocoon. 

The ovipositor of Chrysis is about 7 mm long and is very flexible. 
Observations made through an opening in the side of a cocoon show’ed 
that the female extends the ovipositor around the larva on all sides 
before depositing an egg. Apparently poison is injected during this 
prodding, for the host larva becomes paralyzed. The act of egg deposi- 
tion requires from 6 to 30 minutes, the average duration being 15 
minutes. 

After depositing the egg, the female again applies her mandibles 
to the cocoon and scrapes the surface toward the hole. The loosened 
material she mixes with an oral secretion and packs into the hole, 
sealmg it. The area surrounding the sealed hole is marked with fine 
radiating striations to a distance of about 1 mm. The sealing of the 
hole requires from 9 to 37 minutes, the average being 20 minutes. 
Earely a female will leave the cocoon without seahng the opening. 

EGG CAPACITY 

Seven females deposited 79 eggs from August 26 to November 7 
under laboratory conditions, or an average of 11.3 eggs per female. 
This seems to be a smaU number for such a numerous species, but it 
13 shghtiy larger than the 8- to 10-egg average determined by Piel 
and Covillard (14) for the group of females that they studied. It is 
possible that this species deposits more eggs imder natm’al conditions. 

DEVELOPMENT 

EGG 

oi Chrysis shanghaiens is (fig. 1) is deposited externally on 
tde body of the host larva within its cocoon and adheres only slightly 
unless It IS deposited on the venter, which in itself has adhesive 
qualities. 
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A fresHy deposited egg is dull white, elongated, rounded, and 
slightly curved, beaiing a very short petiole at the cephalic end. The 
surface is finely roughened by crystal-shaped protuberances, which are 
more clearly seen on an egg from which the larva has hatcbeds 

JMeasurements of 10 eggs showed them to range from 2,1 to 2.5 
mm in length and from 0.4 to 0.5 mm in width. Hatching occurs 
about 4 days after deposition. 


FIRST-INSTAR LARVA 

The newly hatched first-instar larva (fig. 2) measures 1.5 to 1.9 
mm in length and 0.5 to 0.6 mm in width. It consists of a large, 
squarish head and 13 body segments which, viewed laterally as in 
figure 2, vary shghtly in width for 
t^vo-thirds the length of the body, 
then taper off to a bluntly bifurcate 
posterior segment wliich is used as 
an aid to locomotion. The body is 
white at first, but it soon becomes 
creamy yellow from the ingested 
food. The pleura bear fleshy lobes. 

The endoskeleton of the head, upon which the mandibles articulate, 
IS well sclerotized. The labxmm, labium, and maxillae are fleshy and 
prominent. The mandibles are shown in figure 3, A, 

The tracheal system consists of two lateral trxmks starting in the 
pro thoracic segment and extending posteriorly, where they are joined 
in the twelfth body segment. The spiracles are present in nine seg- 




Figuke 1.— Outline diawiug of an egg of Chrysi^ 
shmtgliaiensis. X 20. 



Figure 2. — Partially grown lirst-instar larva of Chrysis nhaiKihaiensis. X (W, 

ments, the mesothoracic and the first eight abdominal segments. In 
the inetathoracic segment there are well-developed spiracular branches 
but no apparent spiracular openings. 

The first stadium averages 4 days in length. 

INTERMEDIATE INSTARS 

There are three intermediate instars. The exuviae can be found just 
behind the feeding larva or still attached to it. The changes in the 
body in these instars are slight. It becomes relatively stouter, the 
fleshy lobes on the pleura become more pronounced, and the last 
segment loses its bifurcate character with the first molt. The head 
of the larva becomes more hemispherical with each molt and the 
endoskeleton more heavily sclerotized. The mandibles show consider- 
able change, as illustrated in figure 3, B, (7, and D. 

In the second instar the metathoracic spiracular opening appears, 
and in the remaining instars there are 10 pairs of open spiracles. 

Each of the intermediate stadia averages 3 days in length. 
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LAST-INSTAR LARVA 

TThen the last-ins tar larva lias completed its growth, there is little 
left of the host except the sclerotic parts of the head and some body 
spines. The larva spins a golden silken cocoon, excluding the remains 
of the host and the meconium. Figure 4 shows an average full- 





gro-sra la^a, which measured 10.5 mm in length and 5.2 mm in width, 
the last-mstar laiwa is creamy yellow in color. 

Figure 5, showing the head of a mature larva, is given in some 
cietaii, tor it is representative of the head characters found in the 
other instars. The lower part, including the labium and the maxillae, 
IS sharply set on from the i^per part, bearing the labrum, the man- 
dibles, and the antennae. The sclerotized features of the labial and 
m^ary re^ons of the head are hidden by the fleshy labium and 
maxuiae. ihe large brownish mandibles are shown in figure 3, E. 
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PUPA 

Pupation occurs the latter part of June. The pupa is white at 
first. The eyes and the ocelli soon darken, and then the body shows 
a faint greenish reflection which gradually becomes more pronounced 



Figure 4.— Mature last-iustar larva of Chrf/sis shanghaiensis. X 7. 


and finally becomes a deep bluish green with iridescent reflections. 
This gradual coloration progresses from the pronotum and the 
dorsum of the mesonotum to the metathorax, the abdomen, and 
finally to the legs. The pupal stage lasts a month or more, the first 
upa having been noted on 
une 26 and the first adult 
on July 26. 

LONGEVITY 

The adults of Chrysis 
shanghaiensis live very well 
in confinement on food 
consisting of either honey 
and water (1 to 4) or lump 
sugar and water, the water 
being supplied on sponges. 

Piel and CovUlard ( 14 ) 
found that the males lived 
12 to 15 days and the 
females more than a month 
under conditions in China. 

In experiments at this lab- 
oratory adults lived much 
longer. In 1932 the issu- 
ance of adults started on 
July 20 and extended to August 4, and host cocopns were attacked 
from August 11 to September 22. In 1933 the issuance of adults 
started July 26 and extended to August 24. Aside from two males 
and one female that died a short time previously, six dead males 
were removed on October 10, 47 days after the last adult issued. 
No more dead were removed until October 17, when two females died. 
The last adult died January 20, 1934. The length of life would be 
considerably shortened in nature because of the cold weather. This 
period of survival was possible under laboratory conditions because the 
adults were placed in a heated insectary. This record includes 97 adults. 



Figitke n.—Hoad of mature larva of Chrysis shanghaiensis, X 30, 
a, Antenna; c, clypous; ep, epislorua, Ipa labial palpus; Ise, 
labial seta; Im, labnim; ma, mandible; mpa, maxillary palpus; 
ms, metopic suture; mse, maxillary seta; pi, pleurostoma; sdo, 
orifice of silk duct. 
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SEASONAL HISTORY 

Piel and Covillard (14) found two generations of both host and 
parasite in Cliina, the first generation of Chrysis appearing in the 
latter part of June and the second generation in August. In this 
laboratory the parasites overwintered as mature larvae 'wdthin the 
host cocoonS; the adults appearing late in July and early in August. 
The adults mated soon after issuing and attacked the host larvae 
within cocoons. The larvae became mature about 20 days after egg 
deposition, and each spun a golden, silken cocoon within the cocoon of 
its host and remained in this condition thinughout the \nnter. ^ 

Chrysis was found in all stages of larval development until cold 
weather stopped the activity of the adults. 

INTERRELATIONS OF CHRYSIS AND CHAETEXORISTA 

Studies were begun on the interrelations of Chrysis shanghalensis 
and Chaetexorista jamna B. and B., a tachinid parasite of the oriental 
moth that was established in the infested area in 1929 and 1930, but 
the extreme cold weather during the winter of 1933-34 killed all the 
material that was held in hibernation, making it impossible to con- 
tinue this work. 

These incomplete experiments indicated, however, that competition 
exists between these species. Both species develop on the host larva 
within its cocoon, Chaetexorista internally and Chrysis externally. 
A larva of Chrysis feeding externally on a host larva containing a 
second-instar larva of Chaetexorista usually matured at the expense 
of Chaetexorista. In some instances Chaetexorista developed into the 
third instar, which is normaUy attained after overwintering. This 
may have been due to the stimulation resulting from the feeding of 
the larva of Chrysis. In such cases the larva of Chaetexorista usually 
matured and formed a puparium, sometimes imperfect or larviform, 
and Chrysis died from lack of food. Some host cocoons were found 
to contain dead larvae of both species. 

FACTORS LIMITING THE EFFECTIVENESS OP CHRYSIS 

Piel and Covillard (14) discussed a chalcid parasite, Eurytoma 
ntommae Ruschka, wliich depends upon Chrysis for its ability to 
oviposit within a cocoon of the oriental moth. This parasite oviposits 
through the plug of material with which Chrysis seals the opening in 
the cocoon made during oviposition. These investigators infer that 
Chrysis is overcome by Eurytoma in such instances. 

At this laboratory several larvae of Chrysis in cocoons that the 
female had failed to seal after oviposition were devoured by smaU 
chalcid larvae which proved to be Mellitohia sp. It is believed that 
Mellitobia would be unable to oviposit within a normal cocoon. 

In December 1933 and early in 1934 the temperature in the labo- 
ratory yard was as low as - 18° P. This temperature killed all the 
larvae of Chrysis hibernating witl^ host cocoons held in an unheated 
insectary. During the two previous seasons the lowest temperature 
was —4° F.j which allowed successful hibernation. 
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SUMMARY 

Chrysis {Fentachrysis) shanghaiensis Smith is a parasite of the 
oriental moth, Cnidocampa jiavescens (Walk.), a pest of various shade 
and fruit trees. The oriental moth is established in and around 
Boston, Mass. Parasitized material from Japan yielded this chrysidid 
parasite, and studies concerning its biology were conducted. C, 
shanghaiensis is the only known chrysidid that is a parasite of a 
lepidopterous host. 

The adults of Chrysis shanghaiensis are very active and capable of 
strong flight. The females mate readily and attack the larvae of 
the oriental moth by chewing a hole in the cocoon, depositing an egg 
in it external to the host larva, and then seahng the hole. The egg 
hatches in about 4 days, the larvae complete the first stadium in an 
average of 4 days, and the second, third, and fourth stadia in an 
average of 3 days each. The last-instar larva encloses itself in a 
golden silken cocoon, where it remains throughout the winter. The 
larva pupates during the latter part of June, and the adults emerge 
late in July and in the first part of August. 

The adults live very w^ell in captivity. Of 97 adults that emerged 
between July 26 and August 24, only 9 had died 47 days after the last 
adult emerged. The last adult died on January 20, nearly 5 months 
from the termination of issuance. 

Uncompleted experiments on the interrelations of Chrysis shanghai- 
ensis and Chaetexorista javana indicated that some competition 
existed when both species attacked the same host larva. 

One case of parasitism at the laboratory was traced to Mellitobia 
sp., but this occurred only because the oviposition hole in the cocoon 
was not sealed. The low temperatures of the winter of 1933-34 
proved too severe for the Chrysis larvae held at the laboratory, and 
no doubt such temperatures would limit the survival of this insect 
in the vicinity of Boston. 
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THE INFLUENCE OF VARYING AMOUNTS OF WATER- 
SOLUBLE PHOSPHORUS IN DIFFERENT SOIL TYPES 
ON THE RESPONSE OF CULTIVATED CROPS' 

B\ () C. Bk\an, professo) of Department of Agronomy, Unieersiiy of Florida 
College of AgricvUnre, and \X IVI. Nead, associate in animal nutrition, Depart^ 
ment of Anuna.l Hnshnndry, Florida Agricultural Expeiiment Siaiion 

INTRODUCTION 

A low content of available nutrient elements in the soil is reflected 
in the growth of the vegetation, and often in the welfare of animals 
grazing over such areas. Phosphorus appears to be one of the 
elements deficient in the forage growing on some of the fine sandy 
loam soils in Florida. Lack of phosphorus results in the condition 
kno^vn as ^ ^sweeny’’ (phosphorus deficiency) in cattle. This condi- 
tion does not occur on the coarser textured soils of the same locality. 

The object of this investigation was to determine the response 
of different plants to varying amounts of phosphorus in soils of 
Yunying texture. Virgin samples of Orangeburg fine sandy loam 
were used as typical of the phosphorus-deficient soils, while Norfolk 
sand and Norfolk fine sand were used to represent types on which 
sweeny does not occur. 

REVIEW OF LITERATURE 

The content of water-soluble phosphorus in sands was shown 
by Br^^an (3) ^ to be much higher than that for sandy loams and 
loams even under conditions of heavy fertilization. This w’-as due 
to the greater amounts of phosphate-fixing agents, iron and aluminum, 
in the finer textured soils and was intensified by the removal of soil 
bases through leaching processes. Because of this high fixing power 
of most humid soils the range of soluble phosphorus in the soil is 
limited. This has been shown by a number of investigators {5, 
7, 8), especially with fine- textured soils, even regardless of frequent 
additions of phosphates. 

Becker, Neal, Shealy, and York (2) found that the phosphorus 
content of the native forage plants growing on the fine sandy loams 
was less than that of the plants growing on coarser textured soils in 
the same locality. The level of phosphorus in the first instance 
was less than that required for the welfare of cattle. Theiler, Green, 
and Du Toit (H), Eckles, Becker, and Palmer (4), Scott (9), and 
others have found that a deficiency of phosphorus in cattle was 
due to a deficiency of this element in the forage vegetation. ^ Mather 
(6) showed that phosphate fertilization of sands and peats increased 
the phosphorus content of the vegetative portion of foi'age, most of 
the increase being in the inorganic fraction. The results of Weide- 
mann (13) confirm the increase of phosphorus in the vegetative 
portion when heavy fertilization is practiced, 

1 Received for publication Oct. 1, 1935; issued April 1936. The work reported in this article is one 
phase of the investigation of phosphorus deficiency in cattle as it occurs in Florida, and not only verifies 
the deficiency of phosphorus in the forage grown on afiected areas, but indicates that excessive phosphate 
fertilization would be reuuired to produce “protective*’ forage. 

^ Reference is made by number (italic) to Literature Cited, p 4G6. 
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In the veld soils of South Africa, rainfall is often the limiting 
factor {11) so that phosphate additions on the soils where cattle 
suffer from a deficiency of the element do not give consistent in- 
creases in yields of forage. Stokes, Warner, and Camp {10) found 
phosphate fertilization to give little or no increase in yield of corn on 
the light, sandy soils of central Florida, wlhle marked increases were 
seemed on the heavier soils of northwest Florida. These latter soils 
are in the area where cattle suffer from phosphorus deficiency. 

In general, fine-textured soils have a low content of water-soluble 
phosphorus. This may be increased by phosphate fertihzation, but 
to a lesser extent than in the coarser textured soils. Phosphate 
fertilization may increase the phosphorus content of forage, and 
thus prevent the deficiency in cattle. But whether or not this would 
be economical in range soils remains to be shown. 

METHOD OF PROCEDURE 

The soils were placed in glazed, 2-kg earthenware jars and treated 
with superphosphate at rates vaiying from 0 to 8,000 pounds per 
acre. The cultures also were given a imiform treatment of 500 
pounds of gvpsum and 200 pounds of dolomitic limestone per acre. 
These materials were mixed thoroughly vdth the soils, which were 
allowed to stand for 12 weeks with weekly additions of water, in 
order to permit the soil and the amendments to reach equihbrium. 
At the end of the 12 weeks, nitrogen was added at the rate of 100 
pounds each of nitrate of soda and calcium nitrate, and potash as 
sulphate at the rate of 75 pounds per acre. Mustard {Brassica)^ 
vetch {Vida), and sorghum {Holcus) were used to measure the 
availability of the phosphorus in the sods. All series were replicated. 

Mustard was planted first and water added as needed. During 
the growth of the crop, soil samples were taken at three intervals, 
and the water-soluble phosphorus was determined colorimetrically 
in 1 to 5 sod-water extracts {12), At the end of 60 days, the plants 
on each culture were cut, dried, and weighed. 

Following the removal of the mustard crop, the soils in each jar were 
mixed, the fibrous roots removed, additions of nitrogen and potash 
made, and the cultui'es planted to vetch. The crop was allowed to 
grow, as in the case of the previous crop of mustard. The water- 
soluble phosphorus was also determined as before. At the end of 4 
months the vetch was cut, dried, and weighed, and the phosphorus 
content determined by standard methods {!). 

^ Following the crop of vetch, the soils -vvere again mLxed; potash and 
nitrogen were added as before; and sorghum was planted. However, 
the Norfolk sand was omitted. This crop was grown for 60 days, 
before the photographing and the taking of growth records. The 
phosphorus content of sorghum was determined as in the case of 
vetch. 

^ second series of soils was planted to sorghum, 
Norfolk fine sand and Orangeburg fine sandy loam being used. As 
with the other cultures, superphosphates were added in varying 
amounts, but in this case the seed was planted immediately follow- 

phosphate. Nitrogen and potash were added 
and the plants allowed to grow for 40 days. 
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RESULTS 

The oven-dry weights of mustard and vetch as affected by the water- 
soluble phosphorus in the soils are given in table 1. All values given 
are the average of two or more replications. The relative grovTh of 
all the crops with different amounts of phosphorus is shown in figiures 
1, 2 , and 3. Examination of the data shows that the response of 
mustard and vetch to phosphates on Norfollv sand w^as small as com- 
pared with the response on the Orangeburg fine sandy loam. The 
response to phosphorus on the Norfolk fine sand wnxs intermediate 
between that obtained on the other soils. The growth of mustard 
increased with increase in phosphate applications up to 1,000 pounds 
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Figure 1 —The effect of clilferent amounts of phosphorus upon the growth of mustard m. A, Norfolk sand; 
B, Norfolk fine sand; C, Orangeburg fine sandy loam. All cultures treated alike except for phosphorus 
additions Nos. 1 to 7 received 0, 600, 1,000, 1,600, 2,000, 4,000, and 8,000 pounds of superphosphate per 
acre, in numerical order 

per acre on Norfolk fine sand, while the growth increased on Orange- 
burg fine sandy loam up to 4,000 pounds per acre. It appears that 
a concentration of 1 part per milhon of w^ater-soluble phosphorus (1 to 
5 soil-water extract) will permit maximum growth of mustard. This 
level was maintained with approximately 500 pounds per acre of super- 
phosphate on Norfolk fine sand, and 4,000 pounds per acre on Orange- 
burg fine sandy loam. 

The data in table 1 show that the Orangeburg fine sandy loam has a 
much higher phosphate-absorbing power than either the Norfolk sand 
or the Norfolk fine sand. A better growth of vetch was obtained on 
the Norfolk soils without phosphates than on the Orangeburg soil 
with a 4,000-pound application of superphosphate per acre A 
minimum of 0.5 parts per million of water soluble (1 to 5 soil-water 
extract) phosphorus was required to produce appreciable growth, 
while increased amounts produced an increase in growTh until a level 
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of about 2 parts per million was reached. This level was higher than 
that required for mustard. The phosphorus content of the vetch 
and sorghum as shown in table 2, in general paralleled the water- 
soluble phosphorus in the soil. The highest phosphorus concentra- 
tion attained in vetch was 0.75 percent P2O5 when grown on Norfolk 
sand %vith 15.8 parts per million of water soluble phosphorus. The 
greatest concentration of water-soluble phosphorus in the Norfolk 
fine sand was approximately 8 parts per million wlule that for the 
Orangeburg fine sandy loam was 0.9 parts per million (table 1). 
But the phosphorus content of vetch from these two soils was less 
than that on the Norfolk sand (table 2). 


Table 1. — Yield of mustard and vetch grown on three soil types as influenced hy 
different amounts of water-soluble phosphorus 



Water-soluble phosphorus in extracts 

I Oven-dry yield of crops from— 

I .... 

Crop and acre rate of super- 
phosphate applied (pounds) 

Norfolk 

sand 

Norfolk 
fine sand 

Orangeburg 
fine sandy 
loam 

' Norfolk 
sand 

Norfolk 
fine sand 

Orangeburg 
fine sandy 
loam 

Mustard; ^ 

P. p m. 

P. p. m. 

P. p. m. 

Qrams 

Grams 

Grams 

0 

0.9 

1 0 

0.20 

2.4 

2.4 

0.3 

500 - 

1.8 

1 4 

.28 

2.4 

3.6 

1.1 

1,000 

2 3 

1 8 

.36 

2.5 

I 4.1 

2 3 

1,500.- 

5.8 

2.2 

! .39 

1 2.5 

4.8 

3.7 

2,000 

7.8 

1 2.9 

.58 

2.4 

4.4 

4.1 

4,000 

9.6 

4 3 

.85 

2.6 

4.0 

4.5 

8,000 - 

Vetch: 2 

17.2 

10.3 

1.90 

2.4 

4.5 

4.2 

0 

.6 

.4 

(®) 

1 8 

1.5 

.62 

500...- 

.9 

.4 

(*) 

1.6 

1.4 

.41 

1,000 

1.2 

.8 

(») 

2.0 

1.4 

.35 

1,500--- 

2.2 

1.6 

.12 

2.2 

2.1 

.51 

2,000 

3.2 

2.7 

.25 

2 2 

2.2 

.90 

4,000.-- - 

5.8 

3.1 

.58 

2 7 

2.7 

1.90 

8,000 

15.8 

8.1 

.90 

2. 1 

2.5 

2.40 


1 Superphospliate mixed with the soil 4 months fallow; planted to mustard; harvested after 60 days. 

3 Vetch followed mustard without additional superphosphate, but with additions of nitrogen and potash; 
harvested after 120 days. 

3 Trace. 


Table 2. — Phosphorus content of vetch and sorghum grown on thee soil types as 
influenced hy rate of phosphate fertilization 


Crop and acre rate 
of superphosphate 
applied (pounds) 

Phosphorus content of crops 
from— 

Crop and acre rate 
of superphosphate 
applied (pounds) 

Phosphorus content of crops 
from— 

Norfolk 

sand 

Norfolk 
fine sand 

Orange- 
burg fine 
sandy 
loam 

Norfolk 

sand 

Norfolk 
fine sand 

Orange- 
burg fine 
sandy 
loam 

Vetch-1 

0 1 

Percent 

0. 114 
.109 
.114 
.118 
.170 
.249 
.328 

Percent 

0. 092 
.087 
.100 
.114 i 
.153 
.197 
.280 

Percent 

0.087 

.092 

.087 

.087 

.096 

.118 

.157 

Sorghum* 2 

0 

Percent 

Percent 

0. 083 
.074 
,100 
.105 
.144 
.201 
.223 

Percent 

0.070 

.083 

.079 

.092 

.100 

.105 

.167 

500 i 

500. -- . ! 


1,000- 

1,000— 


1,600 

1,.500 


2,000 - 

2,000 


4,000 - 

4,000 


8,000- 

8,000 






1 Vetch followed mustard without additional superphosphate, but with additions of mtrogen and potash: 
harvested after 120 days. 

* Sorghum followed vetch without additional superphosphate, but with additions of nitrogen and potash: 
harvested after 60.days. 
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Figuee 2— The effect of different amounts of phosphorus on the growth of vetch in: A, Norfolk sand; 
B, Norfolk fine sand, C, Orangeburg fine sandy loam. All cultures treated alike except for phosphorus 
additions. Nos 1 to 7 received 0, 500, 1,000, 1,500, 2,000, 4,000, and 8,000 pounds of superphosphate per 
acre, m numerical order. 



Figube 3.— The residual effect of varying amounts of phosphorus on the growth of sorghum in: Norfolk, 
fine sand; B, Orangeburg fine sandy loam. The sorghum represents the third crop following the 
application of phosphorus. Nos. 1 to 7 received 0, 600, 1,000, 1,500, 2,000, 4,000, and 8,000 pounds of super- 
phosphate per acre, in numerical order. 
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The residual effects of the phosphate on the third crop are shown 
in figure 3, as compared with the initial effects in figure 4. These 
figures show that when sorghum was the initial crop, maximum growth 
occurred on the Norfolk fine sand at an_ application of 500 poxmds 
of phosphate per acre, while additional increments on the Orange- 
burg soil up to 2,000 pounds produced additional increments of 



Figure 4.— Ttie initial effect of varying amounts of phosphorus on the growth of sorghum in Norfolk fine 
sand Cw4), and Orangeburg fine sandy loam (J5). All cultures treated alike except for phosphorus addi- 
tions. Nos. 1 to 5 received 0,500, 1,000, 1,500, and 2,000 pounds of superphosphate per acre, m numerical 
order. 


growth. But when sorghum was the third crop, the original appli- 
cation of phosphate had become depleted or absorbed by the soils 
to such an extent that it required a 2,000-pound application for max- 
imum growth in the Norfolk soil and 4,000 pounds in the Orangeburg 
soil. 

The residual effects of the phosphate on the phosphate content of 
sorghum are also shown in table 2. Here, as in the case of the crop 
of vetch, the phosphorus content of the sorghum increased with the 
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content of water-soluble phosphorus in the soil. The results indi- 
cate that sorghum responds to phosphate fertilizers equally as w^ell 
as vetch, but mustard apparently does not respond to phosphates as 
readily as do either of the other two crops. 

DISCUSSION OF RESULTS 

The response of the three crops to phosphate fertilization on these 
representative soils bears out expectations. The Orangeburg fine 
sandy loam would naturally fix the phosphates more completely than 
either the Norfolk sand or fine sand, because of the difference in 
fixing agents (silt and clay) even where lime is applied. This feation 
was indicated by the difference in water-soluble phosphorus, growth 
of the plants, and phosphorus content of the plants. 

Under the conditions of this study it appears that a concentration 
of water-soluble phosphorus (1 to 5 soil-water extract) equivalent to 
0.5 part per million was required to secure appreciable crop growth. 
Increased concentration produced increased growth until a level of 
approximately 2 parts per million was reached. The phosphorus 
content was in general proportional to the water-soluble phosphorus 
in the soil but the general level was less in the Orangeburg soil than 
in the Norfolk soils. 

The phosphorus content of the plants is comparable to that obtained 
by Becker, Neal, Shealy, and York {2) in wiregrass growing on areas 
of these soils. Five samples of wiregrass from the Orangeburg soils 
average 0 082 percent of phosphorus while eight samples from the 
unaffected areas averaged 0.133 percent. During the investigation 
of nutritional anemia, 35 samples of wiregrass from sands, fine sands, 
and loamy sands, representing sweeny-free areas, averaged 0.159 per- 
cent of phosphorus, according to Becker, Neal, Shealy, and York {2), 

Because of the crowded condition of the roots in the small volume 
of soil used in this study the level of water-soluble phosphorus for 
maximum growth in the different soils would probably be different 
with different volumes of soil, but the response for the different soils 
would be comparable. 

SUMMARY 

A study was made in which varying amounts of superphosphate 
(0 to 8,00b pounds per acre) were added to Norfolk sand, Norfolk fine 
sand, and Orangeburg fine sandy loam. Mustard, vetch, and sor- 
ghum were used as test plants. Water-soluble phosphorus in soil 
extracts, yields of crops, and phosphorus content of the plants were 
determined. 

The plants did not respond to a concentration of water-soluble 
phosphorus greater than 2 parts per million. A concentration of 0.5 
part was necessary to secure appreciable growth of sorghum. The 
greatest response to phosphate addition was on the Orangeburg soil. 
The phosphorus content of the plants was proportional to the water- 
soluWe phosphorus content of the soil. Because of the high fixing 
power of the Orangeburg soil for phosphorus, larger applications of 
the ehunent were necessary for maximum results. 
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THE FUNCTION OF COPPER IN SOILS AND ITS RELA- 
TION TO THE AVAILABILITY OF IRON AND MANGA- 
NESE ^ 

By L. G. Willis, soil chemist^ and J. R. Piland, assistant soil chemist, Department 
of Agronomy, North Carohna Agricultural Experiment Staizo7i 

INTRODUCTION 

Early experiments on. the peat soils of North Carolina have shown 
a striking negative correlation between yields of com and the accu- 
mulation of ii'on in the nodal tissues.^ Studies of the oxidation-reduc- 
tion potentials of these soils were undertaken in an attempt to asso- 
ciate the increase in the soluble iron content of the soil with factors 
favorable to reductiveness. It appears from the data obtained ^ that 
the soil potential is governed by an equilibrium between oxygen and 
the products of microbial decomposition of the organic matter of the 
soil. 

Wliile the exact nature of the oxidation-reduction reaction involved 
is not clearly apparent, it seems that it is chemical and spontaneous 
rather than biological. According to this concept, equilibrium poten- 
tials are dependent on a constantly replenished supply of oxygen and 
of the reductive product of microbial activity. The concentration of 
the latter appears to be extremely low, whereas the supply of oxygen 
is limited only by the factors governing aeration. 

THE EFFECT OF COPPER ON SOIL POTENTIALS 


Early in the work on this problem it was considered probable that 

with adequate aera- 

tion, the concentration +o e op ~~ " ~ “ 

of the reductive com- CuSCw 

ponent could be de- 

creased by a catalyst none 

that would accelerate _ 

the chemical reaction, — 

With an abundant 

supply of oxygen, 0 . 30 - — 

therefore, such a cata- UNLiMEjp UMED 

lyst should raise the 020* U U y ^ 

soil potential, whereas ■ pH 

V ith deficient aeration jpjqure 1 . — Tbo effect on, oxidation-reduction potentials of copper sul- 
the P 0 1 en tial should be phate added to limed and uulimed Dunbar fine sandy loam m aerated 
1 T I . water suspension. 

lowered; provided in 

the latter case the catalyst did not prevent microbial growth. ^ 

Evidence supporting the first of these assumptions is given in 
figure 1 . The soil was a Dunbar fine sandy loam moderately high in 
organic matter. The copper sulphate was added to a suspension of 

1 Received for publication Oct. 22, 1935; issued April 1936 Published as paper no. 84 of the J oumal 
Senes of the North Carolina Agricultural Experiment Station 

2 SHEBWIN, M. E soil treatments to overcome the injurious effects of tonic MATERLi.LS IN 
EASTERN NORTH CAROLINA SWAMP LAND. JouT. Elisha Mitchell Sci. Soc. 39: 43-48. 1923. 

3 Willis, L. G some potential changes induced by liming suspensions of a peat soil. N. C. 
Agr. Expt Sta. Tech. BuU. 47, 16 pp., Ulus. 1934. 


Journal of Agricultural Research, 
Washington, D. C. 


( 467 ) 


Vol. 52, no. 6 
Mar. 15, 1936 
Key DO. N 0.-32 




468 


Journal of Agricultural Besearch 


Vol. 62, no. 6 


the soil which was then shaken in the air for 24 hours and the poten- 
tials were determined in equilibrium with air. 

The other assumption was verified by noting the potentials of 
deaerated suspensions of a peat soil vdthout and with added copper 
sulphate. The results, shown in figure 2, suggest an activation of 
the micro-organisms in the suspension due to the addition of the 
copper sulphate, since the negative trend is most rapid with this 
treatment at the higher pH levels. In the more acid suspensions, 
however, there is a reversal of the sign of the slope of the potential/pH 
curve. Similar results have been observed in other work on soil 
potentials without the addition of copper sulphate and it has been 
assumed that these can be ascribed to increased activity of other 
metallic elements as well as copper that may be associated with greater 
solubilities at the lower pH levels. The type of potential/pH curve 
obtained with the suspensions containing copper is suggestive of 

interesting possibili- 
ties for further study . 
Attention has been 
given recently to the 
linear character of 
soil potential/pH 
ciuwes. Without 
attempting to ex- 
pand the discussion 
beyond the scope of 
this article, it should 
be pointed out that 
tliis relation holds 
only where aeration, 
microbial activity, 
and other factors 
contributing to 
the oxidation-reduction equilibrium can be treated as constant values. 

Considerable emphasis has been given to the organic-matter content 
of the soils that have been used in oxidation-reduction studies.^ 
These soils have been used largely for the purpose of determining 
fundamental relationships and trends. In soils of low organic- 
matter content it is not improbable that the reductive effects of 
microbial activity are developed only in the rhizosphere.® Potentials 
in such minutely localized zones would not be measurable but they 
may be expected to exhibit characteristics similar to those found in 
the more liighly organic soils. 

It has been suggested® that copper acts as an oxidizing catalyst. 
From the foregoing e^udence it appears that this element activates 
oxidation-reduction reactions in the soil. The mechanism of this 
activation is not indicated by the results, but in consideration of the 
effectiveness of relatively small amounts of copper the function would 
appear to be catalytic. 



Figure 2 — OMdation-reduction potentials of peat-soil suspensions at 
di:fferent pH levels 9 days after the removal of oxygen. A, No copper 
sulphate added, B, copper sulphate added. 


* Willis, L. G. See footnote 3. 

5 Starket, R. L some influences of the development of higher plants upon the microorgan- 
misy?- THE SOIL. ly influence of proxdiity to roots on abundance and activity of microorganisms. 
bOil toei dJ 36/ -393 1931. 

deficiencies and plant diseases. Imp. Bur. Soil Sen 
Harpendeu) Tech. Commun. 31, 1934. ^ wo*. 




Mar 15, 1936 


The Function of Copper in SoiU^ 


469 


EVIDENCES OF COPPER-IRON ANTAGONISM 

Much of the evidence to be reported consists of a series of tests of a 
hypothesis of an antagonistic effect of copper relative to iron. Orig- 
inally it was assumed that this could be attributed to a direct oxida- 
tion "of the iron in the soil. Apparently the reactions involved are 
more complex than this, yet the hypothesis has been of considerable 
value as a basis for experimentation. 

The first experimental test of the hypothesis, in which it was shown 
that the iron content of corn plants grown on a peat soil could be 
reduced by applications of copper sulphate, has already been pub- 
hshed.^ A statement of the hypothesis was purposely avoided in 
that publication pending more supporting evidence. This is furnished 
by the following observations and data which are presented in 
sequence. 

RESULTS WITH CORN 

A field-plot experiment vdth corn (Zea mays) on a peat soil was 
designed to incorporate all the soil treatments that prior experiments 
had shown to be favorable. The first crop was virtually a failure on 
all plots. Between seasons some of the soil was put into pots in the 
greenhouse so that tests could be made of various supplementary soil 
treatments. Of these, only copper sulphate gave any evidence of a 
definite effect. With tliis compound the seedling corn made a rapid 
early growth, but the leaves soon became chlorotic between the veins. 

An application of a 1 -percent solution of ferrous sulphate rubbed 
lightly on sports on these chlorotic leaves caused a number of them to 
turn green (fig, 3). Spots rubbed in a similar manner with distilled 
water did not change, nor was there any effect noted where manganous 
sulphate was applied alone or with the ferrous sulphate. 

It was evident that the application of copper sulphate to the soil 
produced an iron-deficiency chlorosis. Since the copper sulphate was 
applied in a thin layer midway of the depth of the soil in the pots, it 
does not appear reasonable to conclude that the copper modified the 
properties of the soil mass. These results raise the question whether 
the copper was effective in the soil or in the plants and also whether 
the manganese had an effect similar to that of copper. 

RESULTS WITH COTTON 

Later a series of solution culture experiments was started with 
cotton (Gossypnim hirsutum). Copper, zinc, manganese, and boron 
were added uniformly from a stock solution to all the cultures in 
amounts supplying 0.1 mg of each of the elements per liter of solution. 
Iron was supplied as ferric citrate. In the first attempt a severe 
iron-deficiency chlorosis developed in the fifth leaf of the plants. The 
work was repeated with the omission of the copper-zinc-manganese- 
boron solution until the plants were 10 inches high. No chlorosis 
developed until the plants were over 2 feet high. Then the terminal 
leaves became chlorotic in the cultures supplying nitrogen as sodium 
nitrate. The use of the copper-zinc-manganese-boron solution was 
discontinued and the affected leaves became green vuthin 4 days. 

7 Willis, L, G., and Pil^^nd, J. R, the influence of copper sulphate on iron absorption by corn 
PLANTS Soil Sci 37 79-83. illus 1934 
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0])Yiously no Quostion of tlio oxid.Q»tioii of iron is^ involyod. in tbis 
case. While the use of the four-element stock solution was a matter 
of convenience, it was assumed that the copper salt was the significant 
component. Attention was therefore centered on this element with- 



FiGUEE 3 -Iron-deficiency chlorosis produced m com leaves by the addition of copper sulphate to a peat 
soil' A, leaf of plant grown m soil without treatment; B, leaf of plant grown in sod to which copper 
sulphate was added, a green area produced by the eitemal application of ferrous sulphate solution being 
shown at a. 


out prejudice toward a possibility of a similar effect of the others. 
Possibly the copper effected the decomposition of the citrate radical, 
or the inactivation of the iron may have taken place within the plant. 
Another possibility carries the implication that the iron of ferric 
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citrate must be reduced before it becomes assimilable by plants and 
that copper prevents this reduction. This point must be verified 
before it can be given serious consideration. 

The delayed onset of the iron-deficiency chlorosis in the solutions 
supplied with sodium nitrate occurred at the time that blossom buds 
were beginning to form. Whether or not the effect has any relation 
to physiological changes developing at this period of growth is debata- 
ble, but the difficulties of the translocation of relatively insoluble 
elements through long stem growth may have a bearing on the effect 
of copper. 

Identification of Copper Effect 

In an effort to verify the assumption that the effect of the stock 
solution could be attributed to copper, some cotton plants that had 
been grown^ in solution cultures without copper or manganese were 
used as indicators. Iron had been supphed as ferric citrate for the 
early growth of the plants, but later inclusion of iron was discon- 
tinued until the plants showed a definite chlorosis symptomatic of an 
iron deficiency. 

The stems were split from the base for a distance of about 2 inches, 
lea\fing appro?dmately one-half of the lateral roots on each segment. 
Nutrient solutions were put into 500-ncil Erlenmeyer flasks which were 
bound together in pairs so that the tops were in contact and at the 
same level. The plants were transferred to these flasks, one segment 
being inserted into each of the paired flasks. 

The nutrient solution used had the following composition in grams 
per liter: Monopotassium phosphate, 0.0892; dipotassium phosphate, 
0.1140; sodium chloride, 0.0262; potassium sulphate, 0.1550; potas- 
sium chloride, 0.1326; magnesium sulphate -7 H 2 O, 0.1363; calcium 
chloride -2 H 2 O, 0.0992; sodium nitrate, 0.1900. 

In addition to this, ferric citrate and copper sulphate were added as 
shown in table 1 . 

Since it has frequently been observed that symptoms of deficiencies 
of some of the minor essential elements are not correctable in older 
leaves, all of these were removed at the time the plants were trans- 
feiTed to the flasks. 

Within a week it was unmistakably apparent that the leaves of 
plants in the A series were becoming normally green. In the C series 
no evidence of recovery was observed, while the plants in the B series 
were intermediate in color in the early stages of growth. Later the 
differences between the A and B series became indistinguishable. 
The contrast in color of leaves from the A and C series is indicated in 
figure 4. Identification of the iron deficiency was made by spot 
treatments wdth ferrous sulphate on the surface of the leaves from the 
C series (fig. 4, B, a). It appears from this evidence that the effect 
of copper is largely external to the plant, but the delayed onset of 
iron deficiency in the preceding solution-culture experiment suggests 
the immobilization of iron within the plant as an additional factor. 
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FiGtiRE 4. — Iron-deficiency chlorosis in cotton leaves resulting from the addition of copper sulphate to 
culture solutions: A, Solutions containing feme citrate, senes A, B, solutions containing ferric citrate 
and copper sulphate, series C, a green area produced by the external application of ferrous sulphate solu- 
' tion being show n at a. 

Table 1. — Iron and copper additions inode to nutrient solutions used in identify- 
ing the effect of copper upon cotton plants grown therein 


Series 

Flask no. 

Addition 


n i 

Ferric citrate 

Nothing. 

Ferric citrate. 

Copper sulphate. 

Feme citrate and copper sulphate. 
Nothing. 

B 

\2 1 

(1 - i 

C' 

- — ; 


\2 
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EVIDENCES OF COPPER-MANGANESE ANTAGONISM 

Another case bearing on the effect of copper has been given some 
attention. Fairly extensive areas of soil in the upper Coastal Plain 
have failed occasionally to produce cotton satisfactorily. Some of 
this soil was shipped to Raleigh, N. C., and used for pot experiments. 
The pH value of the soil was 4.9. In the first series of pots it was 
found that lime was without effect and that fertilizer reduced the 
growth of the cotton plants. Some benefit was noted where copper 
sulphate was added to the soil receiving lime and fertilizer vdth lime. 

In a second series of pots, fertilized with ammonium phosphate, 
ammonium nitrate, and potassium chloride supplemented with vary- 
ing amounts of calcium sulphate, the best plants were produced on 
the soils receiving the minimum amount of calcium sulphate. A 
qualitative analysis of plants from these pots gave strong positive 
tests for manganese. 

Samples of soil and cotton stalks were then obtained in midwinter 
from fields showing the characteristic damage in varying degrees. 
The trouble could be correlated with the manganese content of the 
stalks very closely, as is shown in table 2. 

Table 2. — Severity of symptoms in abnormally developing cotton plants as associated 
with the soil pH and the manganese and iron content {parts per million) of the 
stalks 


Symptoms 

pH of 
soil 

Manganese 
content 
of plants 

Iron 

content of 
plants 

Symptoms j 

pH of 
soil 

IManganese 
content 
of plants 

Iron 

content of 
plants 

Slight 

4 8 

20 

44 

Moderate 

.5.5 

15 

48 

Severe. 

4.6 

52 

48 

Do 

5 5 

23 

62 

Slight 

4 9 

20 

25 

Do 

5 5 

29 

33 

Severe 

4 6 

53 j 

38 

Severe. 

5 5 

30 

34 

Nono- - 

5 7 

10 

20 

None 


11 

23 










No significant correlation was found between the poor growth of 
cotton and either the pH of the soil or the iron content of the stalks. 

The soils showing the severest symptoms gave definite qualitative 
tests for manganese in the water extracts from 5-g samples and 
stronger tests with the sodium chloride extract. 

Further investigation established the fact that the soils involved 
were invariably found on the second bottom of rivers draining parts 
of North Carolina and Virginia where soils originating from man- 
ganiferous basic igneous rocks are common. It was concluded from 
the evidence that the manganese found in these soils existed in the 
bivalent form in the exchange complex and that it was not readily 
oxidizable to insoluble forms. 

It has been found elsewhere in North Carolina that manganese 
becomes insoluble to the point of deficiency only in soils naturally 
high in organic matter.^ A tliird series of pots was therefore started 
in which organic matter in the form of finely powdered peat was 
added. No improvement was observed in the cotton grown on this 
soil. In fact, the plants grown where lime was added showed abnormal 
structural deformities characterized by deeply lobed leaves and no 

8 Willis, L. G , and Mann, IT. B. manganese as a fertilizer. Amer. Fert 72 (l) [2l]-24, illus, 
1930. 
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elongation of tke internodes. After 6 weeks it became evident that 
no further development vras being made. At that time 0.1 g of 
copper sulphate was added in solution to the surface of the soil in 
each pot. The plants responded noticeably within 2 days and in 2 
weeks had become normal in all respects (fig. 5). In no prior case 




Figuee 5.— Maximum growth of cotton plants m soil containing an e\cess of soluble manganese, limed 
^ horned (B) pd condition of the same two plants respectively (C and Z>) 2 weeks after the 
aadition of copper sulphate. 


had any healthy lateral roots developed on any plants. Within 2 
weeks after the addition of the copper sulphate, however, the growth 
of lateral roots had extended throughout the soil in all pots, although 
it IS hardly probably that the copper sulphate had penetrated deemy 
mto the soil. 
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A fourth attempt at the solution of this problem was made, but in 
this case cotton grew normally in all the pots irrespective of the 
treatments. The soil had been stored dry in the greenhouse while 
the work was in progress and this seems to have eliminated the in- 
jurious factor. Inquiries regarding the trouble in the field have 
brought the unanimous opinion from farmem that crops are damaged 
severely only in wet seasons. 

Although the evidence is not conclusive, there is some support for 
the assumption that the maintenance of manganese in a state of 
oxidation in field soils is dependent on the presence of a catalyst such 
as copper. 

SUGGESTED LIMITATIONS TO THE USE OF COPPER SULPHATE 

IN SOILS 

The foregoing results support the conclusion that copper sulphate 
as it is generally used in soils serves largely as a soil amendment for 
the correction of conditions under which the excessive concentrations 
of soluble iron and possibly manganese exist. It is not impossible, 
however, that there are occasional instances of soils in which copper 
is deficient in an absolute sense and where this element may be needed 
as a direct plant nutrient. 

It would seem that copper sulphate would be most beneficial when 
applied to aerated soils having a high content of decomposable organic 
matter. Where the oxygen supply is limited the effect of copper may 
be injurious. In well-aerated soils low in total iron and organic 
matter, copper may cause an iron deficiency except at low pH values. 
Until these factors have been more completely investigated the indis- 
criminate application of copper sulphate to soils would appear to be 
inadvisable. 

SUMMARY 

Data already published indicate that the oxidation-reduction poten- 
tial of soils is governed by an equilibrium between oxygen and a 
chemically active reducing compound wliich is the product of micro- 
bial activity. 

It was assumed that this equilibrium could be modified by a cata- 
lyst such as copper added to the soil and that tliis would be reflected 
in the solubility of the iron compoimds of the soil. In prelirtiinary 
tests it was found that copper sulphate increased the potentials of 
an aerated soil suspension but decreased the potentials when air was 
excluded. The significance of these effects was indicated by pub- 
lished evidence that copper sulphate decreases the iron content of 
corn plants grown on a peat soil. 

Corn grown on an unproductive peat soil became chlorotic when 
copper sulphate was added to the soil. The chlorosis was identified 
as being due to an iron deficiency when ferrous sulphate applied 
externally to the leaves caused the development of a green color. 
The application of manganese sulphate alone or in combination with 
ferrous sulphate had no visible effect. 

Cotton plants grown in solution cultures containing either nitrate 
or ammomacal nitrogen and ferric citrate, copper, manganese and 
zinc sulphates, and boric acid developed an iron-deficiency chlorosis 
in their early growth. In a repetition of the work with the addition 
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of manganese, zinc, copper, and boron delayed, a chlorosis devel- 
oped in the plants receiving nitrate nitrogen when they were 2 feet 
high. Following the elimination of the four elements from the solu- 
tion the affected plants rapidly became green. 

An expeiiment in which the roots of mon-deficient cotton plants 
were divided between two solution cultures has given evidence that 
copper sulphate vfill produce an iron-deficiency chlorosis. It appears 
that this efiect is due largely to reactions external to the plant, but 
there is also evidence of immobilization of iron vdthin the plant under 
the influence of copper. 

Further evidence in support of the assmnption that copper serves 
as a catalyst of oxidation-reduction reactions is presented b}^ a pre- 
liminary study of a field soil problem. The soil contained abnormally 
large quantities of water-soluble and exchangeable manganese. Bene- 
ficial efi'ects were observed following applications of copper sulphate 
or a prolonged dr 3 ing of the soil. 

Copper sulphate serves as a soil amendment, decreasing the avail- 
abihty of iron and possibly of manganese. The effect may be favor- 
able or not depending on the oxidation intensity and the iron and 
manganese content of the soil. 
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THE EFFECT OF DIFFERENT COLLOIDAL SOIL MATE- 
RIALS ON THE TOXICITY OF CALCIUM ARSENATE TO 
MILLET ‘ 

By Philip L. Gile 

Senior chemist, Soil Chemistry and Physics Research Division, Bureau of Chemistry 
and Soils, United States Department of Agriculture 

INTRODUCTION 

At one time it was generally assumed that the arsenical and other 
poisonous sprays used for controlling insect pests had no injurious 
effect on soil productivity. This may have been true years ago, 
when the quantities applied were usually small, but it 'apparently 
does not hold for the much heavier applications that are frequently 
used at the present time. Albert, Cooper, Paden, and others at the 
South Carolina Agricultural Experiment Station (i, Sj 7, 8) ^ have 
showm, for instance, that the comparatively large applications of 
calcium arsenate used to control the boll weevil may injure the soil 
for subsequent crops. According to their observations, sandy soils 
are more susceptible to injury from such applications than heavier 
soils and gray soils* are more susceptible than red soils. Dratschew 
{9) has shown that a clay may adsorb 1.04 percent of its weight in 
arsenate ions from a 0.1-normal solution, but he has not studied 
the effect of such adsorption on plant growth. 

It seemed from previous work that the resistance of soils to arsenic 
injury should be determined by the kind of colloid in the soil as well 
as by the amount. It also seemed probable that the various effects 
of the colloids on calcium arsenate would be correlated with the 
silica-sesquioxide ratios of the materials, since the fixation of phos- 
phate ions is so correlated. Accordingly, experiments were conducted 
with 36 soils and subsoils to compare the effects of the colloids on 
the toxicity of calcium arsenate. 

METHODS 

The method employed was sinoilar to that used in a previous study 
of the effects of soil colloids on the eflBiciency of superphosphate {10). 
Foxtail millet {Setaria italica) was grown in different soil-sand mix- 
tures, each of which contained sufficient soil to supply 1 percent of 
colloidal material to the mixture. Increasing applications of calcium 
arsenate were made to each mixture and the oven-dry weights of 
the crops determined. By plotting yields against calcium arsenate 
applications, the quantity of arsenic pentoxide required to reduce 
the yield by one-half could be determined for each soil-sand mixture. 
These quantities, minus the quantity of arsenic reducing the yield 
one-half in pure quartz sand, gave figures for comparing the effects 
of the different colloids on arsenic toxicity. 

1 Received for publicatioa Oot. 21, 1935, issued April 1936. 

3 Reference is made by number (italic) to Literature Cited, p.' 490. 
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It \vill be seen from the curves in figure 1 that similar comparative 
values would have been obtained if the soils or colloids had been 
compared on the basis of the arsenic required to reduce the yield 
by one-fourth, three-foui'ths, or by any specified amount. But the 
minimum lethal dose could not well be used for comparison, since 
this value is not sharply defined. 

It will be noted that in this experimental procedure the material 
added to the sand is not the pure colloid but the whole soil in an 
amount inversely proportional to its colloid content. This pro- 
cedure, of course, gives a comparison of the colloids only in case the 
noncolloidal soil material is without effect on the toxicity of calcium 
arsenate. This assumption is probably substantially correct, since 
many studies indicate that the reactions of soils to various salts 
are confined almost exclusively to the coUoidal material. Thus, in 
the following pages when the effect of the soil colloids is discussed 



it is understood that an assumption is involved which seems to be 
well justified by recent soil investigation. 

It may seern that any assumption at all could have been avoided 
by using the isolated coUoidal mateiial. But, aside from its diffi- 
culties, this procedure would have led to known errors. Part of the 
colloid cannot be extracted from certain soils by present methods, 
and, stiU more important, the properties of the coUoid are altered 
by the extraction process. Although the alteration may have slight 
effect on certain laboratory determinations, it may affect plant 
growth markedly if the freshly extracted coUoid is used, as has 
previously been shown {10). 

Except for the phosphate application, aU pots received the same 
basic fertilizer; namely, 0.93 g of potassium nitrate, 0.33 g of am- 
monium sulphate, 0.0185 g of ferric tartrate, 0.42 g of MgCl 2 . 6 H 20 , 
and 0.0015 g of MnS 04 . 2 H 20 per pot. The phos^ate, supplied as 
superphosphate, varied from 0.2 g of P 2 O 5 per pot to 0.6 g of P 2 O 5 , 
according to the kind of colloidal material present. In some cases 
the amount of P 2 O 5 necessary for maximum growth could be roughly 
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calculated from the data of previous experiments; in other cases it 
was estimated from the silica-sesquioxide ratio of the colloid. 

The tricalcium arsenate used was the “c. p. analyzed reagent’' 
of a well-known manufacturer of analytical chemicals. This ma- 
terial and the superphosphate were thoroughly mixed with the sand. 
The other salts were applied in solution just prior to planting. 
Glazed earthenware pots holding 5,000 g of quartz sand were used 
as containers. They were kept in a greenhouse, and their order 
was shifted every day or two. The moisture content of the sand 
or sand-sod mixture was maintained at 15 percent. Ten millet 
plants per pot were grown for 25 to 40 days according to the time 
of year, ordinarily when the heads were about to appear. The 
differently treated pots were replicated three times in each experiment. 

The soils used in this study were parts of samples utilized m former 
investigations of soil colloids. Data regarding the samples with 
laboratory numbers below 500 are given in two bulletins of the 
United States Department of Agriculture {11, 14), and descriptions of 
the samples with higher laboratory numbers are given in two others 
{6, 13). In some cases the colloid content of the soil was determined 
by adsorption of water vapor, in other cases by mechanical analysis. 

CRITICAL ARSENIC VALUES FOR DIFFERENT SOIL COLLOIDS 

A few preliminary experiments were conducted to get an approxi- 
mate idea of the toxicity of calcium arsenate to millet under the 
experimental conditions. The soil colloids were then compared in 11 
experiments. These were conducted at different times of the year 
under various conditions of temperature and simlight. Growth 
varied markedly, of course, in some of the experiments, and it seemed 
possible that the toxicity of arsenic in the plant might vaiy with these 
conditions to such an extent that the results of the different experi- 
ments would not be comparable. Such, however, was evidently not 
the case. Each experiment included a standard series of pots in 
which calcium arsenate was added to pure quartz sand. Growth in 
this series varied markedly with the season in which the experiment 
was conducted, but the quantity of arsenic required to reduce the 
yield one-half was practically the same for all experiments, hrespec- 
tive of the season. In 9 of the 11 experiments the critical quantity 
of arsenic for pure quartz sand varied only between 0.008 and 0.013 
g of AS 2 O 5 per pot, with an average value of 0.011 g having a probable 
error of i 0.00036 g. In 1 experiment the criticd quantity was not 
closely determined but was obviously less than 0.016 g, and in the 
remaining experiments the exceptional value of 0.021 g was obtained. 

The results of the quartz sand series provided a blank for the experi- 
ment which was to be subtracted from results yielded by the soil- 
sand mixtures to obtain the effects of the colloids on arsenic toxicity. 
In view of the constancy of the results of this series it was felt that 
the average figure was as accurate a blank for any experiment as the 
individual value obtained for that experiment. Consequently 0.011 g 
of AS 2 O 5 was used as a blank for all experiments. 

The detailed results of the experiments in which critical arsenic 
values were obtained for 36 soil colloids are shown in tables 1 and 2 . 
The results of the pure quartz sand series are not reported in these 
tables, since with the use of the average value for this blank series 
the individual results are of no interest. 
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Table 1. — Effects of different soils on the toxicity of calcium ai senate 
[xVll soils added in sufficient quantity to supply 1 percent colloid] 
EXPERIMENT 5 (FEB 15 TO MAR. 18) 


Cal- 

cium 

arse- 

nate 

added 

per 

pot, 

ex- 

pressed 

as 

AS 2 O 5 

Oven-dry yield of plants per 
pot 

Senes 

A 

Senes 

B 

Senes 

G 

Aver- 

age 

Gram 

Grams 

Grams 

Grams 

Grams 


3. 37 

3. 40 

3. 83 

3 63 

1 015 

1 16 

.83 

1. 35 

1 11 

1 .025 

.65 

.56 

.94 

.68 

1 .050 

22 

.12 

.10 

. 15 

fO 

3 31 

3 31 

3 28 

3 30 

I 020 

1 74 

1.53 

1. 32 

1.53 

1 .040 

1. 02 

.63 

.85 

.83 

1 .080 

.15 

.21 

.25 

20 

fO 

3 92 

3 11 

3 54 

3 52 

I .04 

1.08 

.95 

.79 

.94 

1 .08 

32 

.29 

.30 

.30 

1 .16 

08 

.09 

.08 

.08 


1 36 

1 33 1 

1.37 

1 35 

1 .15 

30 

.37 

.39 

.35 

1 .25 

04 

04 

.04 

04 

1 .40 

.04 

.05 

.05 

05 


ratory 

no. 

Type of soil 

Depth 



Inches 

10305 

Barnes loam 

0- 9 

10341 

Miami silt loam 

0- Ih 

4439 

Davidson loam .J 

0- 9 

5891 

Nipe clay - 

0-12 


PsOs 

ap- 

plied 

per 

pot 


Gram 
0 12 


15 


.20 


AS2O5 
re- 
quired 
to re- 
duce 
yield 
one- 
half 


Gram 
0 011 


027 


. 103 


.007 


.016 


.092 


EXPERIMENT G (MAR 24 TO APR 24) 


195 


196 


9415 


Carrington loam 

Clarksville silt loam. . . 

do 

Cecil clay loam 

Eirvm fine sandy loam. 


0- 3 


0-12 


0 15 


.20 


.35 



6 45 

5.79 

5 43 

5 89 

.01 


4. 61 

3.96 

4.28 

02 

2 95 


2.81 

2.88 

.06 

.57 

.49 

58 

65 

0 

4.73 

3 64 

3 56 

3 98 

.02 

3 74 

2 58 

2 56 

2 96 

.04 

1 39 

1 27 

1 50 

1 39 

.08 

.33 

.39 

.36 

.36 

0 

4.39 

6.40 

5.72 

5. 50 

.04 

3 84 

3.60 

3. 72 

3. 72 

.08 

1.69 

1. 40 

1.15 

1 38 

.16 

21 

.18 

15 

.18 

0 

3 84 

4.37 


4. 11 

.04 

1 44 

1 60 

1 69 

1.58 

,08 

.87 

.62 

.57 

.09 

.16 


.13 

14 

.14 

fo 

! 5.63 

5 49 

5 43 

5 52 

.02 

4 73 

5. 10 

4.99 

4. 94 

.04 

i 3.78 

3.74 

3 80 

3 77 

, .08 

1.36 

.99 

1.43 

1.26 


. 032 


.058 


.031 


0 007 


.020 


.045 


EXPERIMENT 10 (SEPT. 16 TO OCT. 13) 


183 


Norfolk fine sandy loam... 


-do.. 


Vernon fine sandy loam. . 


-do.. 


-do-. 


0 - 8 


1^36 


0- 3 


3-10 


0.40 


.60 


.30 


.40 



3.47 

3.67 

4 26 

3.80 

.02 

1.74 

1.63 

1 24 

1. 54 

.04 

.62 

.60 

.34 

.49 

.08 

.10 


.11 

.11 


3.50 

2. 87 

2 50 

2 96 

.04 

1. 41 


1.03 

1.22 

.08 

.34 



.34 

16 

.07 

.07 

.07 

.07 


3,60 

3. 74 

3.50 

3. 61 

.03 

1.24 

1.83 

1. 10 

1. 39 

.06 

.42 

.45 

.31 

.39 

.12 

.04 

.04 

.04 

1 .04 


5 26 

4. 85 

4.68 

4 93 

,04 

1 33 

1. 36 

1.26 

1 32 

.08 

.23 

.22 

.27 

.24 

.16 

03 

.03 

.03 

.03 

1 

5.13 

4.54 

4.66 

4.74 

.04 

1.83 


1.89 

1.86 

.08 

.42 

.61 

.43 

.49 

.16 

,05 

.05 

.05 

,05 


.034 

025 

.028 

.033 


0 006 


.023 


,017 


.022 
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Table 1. — Effects of different soils on the toxicity of calcium arsenate — Continued 
EXPERIMENT 12 (NOV. 1 TO DEC. 11) 


Cal- 

cium 

arse- 

nate 

added 

per 

pot, 

ex- 

pressed 

as 

AS 2 O 5 

Oven-dry yield of plants per 
pot 

Senes 

A 

Series 

B 

Series 

0 

Aver- 

age 


Gram 

Grams 

Grams 

Grams 

Grams 


fO 

3 40 

2.69 

2. 49 

2 86 


.01 

2 18 

2.40 

2. 37 

2. 32 


.02 

1 82 

1.38 

1.85 

1 68 


.03 

1. 13 

.83 

.60 

.85 


0 

2 59 

2 77 

3 06 

2.81 


.01 

3.09 

2 50 

2 59 

2.73 


02 

2 31 

1. 75 

2 18 i 

2 08 


.03 

1.74 

1.30 

1.40 

1.48 


fO 

1.86 

1.90 

1 14 i 

1.63 


.01 

.89 

1.00 

.98 

.96 


.02 

.38 

.64 

74 

.59 


04 

14 

.14 

. 11 

. 13 


fO 

2 62 

2. 54 

2 38 

2 51 ^ 


01 

1.40 

1.49 

1.28 

1 39 


.02 

.60 

.66 

.67 

.61 


.04 

.27 

.18 

.28 

.24 


0 

1 89 

2 58 

2. 19 

2 22 


01 

1.59 

1 77 

.95 

1 44 


.02 

.77 

.55 

.67 

.66 


.04 

.33 

.25 

.23 

. 27 


Labo- i 
ratory 
no 


B171 


6097 


Ts^pe of soil 


Marshall silt loam. 


-do.. 


Houston black clay.. 


.do.. 


-do.. 


Depth 


Inches 

0-13 

13-24 


24-36 


P 2 O 5 

ap- 

phed 

per 

pot 


Gram 

0.20 

.25 

20 


30 


AS2O5 

re- 

luired 
to re- 
duce 
yield 
one- 
half 


Gram 
0 023 


.031 


.012 


AS 2 O 5 

reduc* 

mg 

yield 

one- 

half 

mmu 

the 

blank 

of 

0.011 g 

for 

quartz 

sand 

alone 


Gram 

0.012 


.020 


.001 


.003 


EXPERIMENT 14 (MAR 7 TO APR. 6) 






f 0 

5.63 

4.85 

5.66 

6.38 



299 

Chester loam 

0- 8 

0. 36 

.02 

.04 

4. 17 
3.09 

3.88 

2.92 

4. 19 

3 08 

4.08 

3.03 

■0 046 

0. 035 





1 .06 

1.98 

1.86 

1.99 

1.94 







0 

3.18 

3 10 

3.60 

3.26 



300 

do_ 

8-32 

.50 

.02 

3.06 

3. 10 

2.84 

3.00 







.04 

2 39 

2. 31 

2.32 

2.34 







.06 

1.20 

1.44 

1.29 

1. 31 



391 

Hagerstown loam 

0- 8 

.36 

0 

.03 

6.12 

4 79 

5.34 

4.60 

5. 47 

6.64 

4.70 

■ 079 

.068 





.06 

3.74 

3.32 


3.53 







0 

4.84 

4.91 

4 77 

4 84 



181 

Ontario loam 

0-12 

.36 

.02 

4 06 

3.96 

3. 91 

3.98 







.04 

3.12 

2. 79 

2.63 

2 86 

UjI 






.06 

2. 14 

2.04 

2.09 

2.09 







0 

4.56 

4.28 

4. 18 

4 34 



182 


12-22 

.50 

.03 

3.40 

2. 94 

2.88 

3. 07 







.06 

2.01 

2.09 

2. 17 

2 09 







.09 

1.31 

1.24 

1. 19 

1.25 




EXPERIMENT 15 (APR. 

17 TO 

MAY 12) 








0 

4.91 

6.49 

5. 25 

5 22 



297 

Manor loam 

0- 7 

0.30 

.02 

,04 

3.52 

1.87 

3.72 

1.83 

3.60 

1.48 

3 58 

1 73 

■0.031 

0.020 





, .06 

.96 

1.13 

1.03 

1.04 







0 

4.41 

4 71 

4.58 

4. 57 



298 

do 

7-20 

.40 

.02 

.04 

3. 46 
1.82 

3 28 
1. 67 

2.93 

1.39 

3.22 

1.69 

. .031 

.020 





.06 

.93 

.90 

.83 

.89 







0 

1.77 

1.67 

1 96 

1.80 



10541 

Caribou loam 

Vi- 2 

.30 

.02 

.04 

1.88 

1 30 

2.03 

1.03 

1. 40 
1.12 

1. 77 

1 15 

• 064 

.053 





.06 

.96 

.97 

.96 

.96 







0 

1.03 

1.30 

2.64 

1.66 



10543 


4- 6 

.40 

.02 

.04 

1.76 

1.50 

1. 45 
.73 

1.48 

1.04 

1 66 
1.09 

- .051 

.040 





.05 

.72 

.39 

.61 

57 







0 

6.27 

6.77 

6. 96 

6 33 



305 

Stockton clay adobe 

0-38 

.20 

.01 

.02 

3. 56 
1.74 

3,83 

1.86 

3. 32 
2.01 

3. 67 

1. 87 

• .012 

.001 





.04 

.37 

.58 

.49 

.48 
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Table 1 . — Ejects of dijferetit soils on the toxicity of calcium arsenate — Contiuaed 
EXPERIMENT 77 (AUG. 18 TO SEPT. 12) 


Labo- 

ratory! 


Type of soil 


Depth 


PsOi 

ap- 

plied 

per 

pot 


Cal- 

cium 

arse- 

nate 

added 

per 

pot, 

ex- 

pressed 

as 

As20fl 

Oven-dry yield of plants per 
pot 

Senes 

A 

Senes 

B 

Series 

C 

Aver- 

age 


Gram 

Grams 

Grams 

Grams 

Grams 


0 

4 60 

3 77 

4 28 

4 22 


.01 

3 60 

3 33 

3.34 

3 42 


.02 

2 99 

3. 26 

2. 13 

2 79 


04 

1 01 

1 63 

1 54 

1 59 


0 

4. 37 

4.54 

4. 36 

4. 42 


.01 

3 02 

3 21 

2. S4 

3 02 


.02 

2 16 

1.99 

1.85 

2.00 


04 

.48 

.50 

.57 

.54 


0 

3 95 

4 44 


4 20 


.01 

3 80 

S. 55 


3 68 


03 

1 64 



1 64 


0 

4 27 

4. 15 

3 73 

4 05 


.01 

3 42 

2 78 

2 91 

3 04 


.02 

1.98 

2 38 

2.42 

2. 20 


.04 

95 

1 09 

1.08 

1 04 


0 

3 95 1 

3 75 

3.99 

3 90 


.02 

3 58 

3. 24 

3 72 

3.51 


.04 

3 21 

3 57 

2 99 

3 26 


.08 

2.16 j 

2 19 

2.44 

2. 26 


AS2O5 
re- 
quired 
to re- 
duce 
yield 
one- 
half 


AS2O5 

reduc- 

ing 

yield 

one- 

half 

minus 

the 

blank 

of 

0.011 g 

for 

quartz 

sand 

alone 


189 


Sharkey clay 

Houston black clay 
Wabash silt loam.. 

do - 

Columbiana clay-_ 


Inches 
0- 4 


0-15 


Gram 
0 20 


20 


.50 


Gram 
^0 031 

^ 018 


024 


093 


Gram 
0 020 


.015 


Table 2 — Effects of increasing quantities of soil in soil-sand mixtures on the toxicity 

of calcium arsenate 

EXPERIMENT 7 (APR 21 TO MAY 17) 


Labo- 

ratory 


Kmd of soil mrxed "with 
quartz sand and quan- 
tity in terms of colloid 
content per pot 


Depth 

P 3 O 5 
ap- 
plied 
per pot 

Cal- 
cium 
arse- 
nate 
added 
per pot, 
ex- 

piessed 

as 

AsjOs 

Oven-dry yield of plants per 
pot 

Series 

A 

Senes 

B 

Senes 

0 

Aver- 

age 

Inches 

Gram 

Gram 

Grams 

Grams 

Grams 

Grams 




4 36 

4.70 

4 01 

4.36 

0-8 j 

0 30 

1 .01 

3 28 

3 54 

3 13 

3. 32 


1 .02 

2.47 

2 20 

2. 26 

2.31 



1 .04 

70 

68 

.67 

.68 




5 . 19 

5 27 

4. 78 

5. 08 

0-8 

.50 

J .02 

3 62 

3 63 

3 25 

3 50 

1 .04 

2 40 

2 39 

1.57 

2.12 



1 .08 

.49 

47 

34 

.43 



f 0 

5 10 

4 90 

4. 76 

4.92 

0-8 

.75 

J .02 

3.74 

3. 34 

3 43 

3. 50 



] .04 

2.60 i 

2 65 

2 19 

2 48 



1 .08 

.72 

.71 

.95 

.79 




5.48 

5 73 

5.17 

5 46 

0-8 

.90 

J .04 

3 76 

3.66 

3. 46 

3. 62 

1 .08 

2 13 

2 30 

2.11 

2 18 



1 .16 

.29 

.43 


.36 


AS2O5 

re- 

quired 

to 

reduce 

yield 

one-half 


AsaOs 

reduc- 

y>eid 

one-half 

minus 

the 

blank of 

0.011 g 

for 

quartz 

sand 

alone 


5028 

5028 


Nacogdoches very fine 
sandy loam, 25 g 

Nacogdoches very fine 
sand loam, 50 g 

do.. 

Nacogdoches very fine 
sandy loam, 100 g 


Gram 

0. 022 


,040 


065 


Gram 

0 . on 

.024 

.029 

.054 
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Table 2. — Effects of increasing quantities of soil in soil-sand mixtures on the toxicity 
of calcium arsenate — Continued 

EXPERIMENT 8 (MAY 20 TO JUNE 19) 


Oven-dry yield of plants per 

Cal- 

cium j ^ j 


Labo- 

ratory 

no 


Kind of soli mixed with 
quartz sand and quan- 
tity in terms of colloid 
content per pot 


Depth 


PaOs 
ap- 
plied 
per pot 


arse- 
nate 
added 
per pot, 
ex- 
pressed 
as 


Ab205 


Series 

A 


Series 

B 


Series 

C 


Aver- 

age 


AS20s 

re- 

quured 

to 

reduce 

yield 

one-half 


AS2O6 

reduc- 

ing 

yield 

one-half 

minus 

the 

blank of 

0.011 g 

for 

quartz 

sand 

alone 


Inches 


B171 


Marshall silt loam, 25 g.. 


B171 

B171 

B171 

B171 


Marshall silt loam, 50 g- 

.....do 

Marshall silt loam, 150 g. 
do 


0-13 

0-13 

0-13 

0-13 

0-13 


Oram 

0.15 

.15 

.225 


15 


Gram 

0 

.01 

.02 

.05 

0 

01 

02 

05 

0 

.02 

0 

02 

04 


225 li 


0 

04 


Grams 

Grams 

Grams 

5 03 

4 24 

4 39 

3 17 

2 41 

1 99 

1 09 

1 64 

1.64 

.18 

.25 

.22 

4.99 

4 28 

4.17 

3. 50 

2 07 

2 05 

.88 

1 85 ; 

1 28 

.29 : 

16 

40 

4 69 i 

4 47 

3 91 

.94 

1 84 

1.42 

4.59 

3 99 

4 20 

2.69 

2 18 

3 16 

1.53 

1 47 

1 75 

.56 

.37 

.66 

4.38 

A 26 

4. 32 

1.42 

1.47 

1.35 


Grams 
4 55 
2. 52 
1.46 
.22 
4 48 
2. 50 
1 34 
28 
4 36 


2 68 
1 58 
53 
4 32 
1 41 


I Gram 
I 0 013 

I 013 


Gram 
0 002 

002 


}• 

1 

}■ 


.029 


.018 


EXPERIMENT 9 (AUG. 8 TO SEPT 2) 


6679 

Kirvm fine sandy loam, 

j 



25 g 

12-24 

0.30 

6679 

Kirvm fine sandy loam, 




50 g 

12-24 

.50 

6679 

Kirvin fine sandy loam, 

12-24 ' 



100 g 


.80 


02 

.04 

,08 

0 

.04 

.08 

.16 

0 

06 

.12 

24 


3 85 
3 25 
2 03 
.44 
4.01 
2.25 
1.11 
.25 
3.39 
1.93 
.92 
.19 


4 02 
2 91 
2 12 
.46 
3. 76 
2 20 
1.04 
.20 
3. 37 
2 51 
.96 
.23 


4 35 
3.41 
2.02 
.39 
3 96 
2.12 
1.36 
,19 
3 51 
2 19 
1.02 
.18 


4 07 
3 19 
2.06 
43 
3 91 

2 19 
1.17 

.21 

3 42 
2 14 

97 

.20 


0.041 


.049 


.081 


0. 030 


.070 


EXPERIMENT 13 (DEC. 9 TO JAN. 20) 


Vernon fine sandy loam, 
25g.._ - 

3-10 

0.35 

J .02 

1 .04 

1.96 

1.14 

.62 

1. 57 
.83 
.51 




1 .08 

26 

.30 

Vernon fine sandy loam, 

60 g 

3-10 

50 

j .03 

1 .06 

1.96 

1 11 
.69 

1 86 

1 03 
59 




1 .12 

.16 

.24 

Vernon fine sandy loam, 

100 g 

3-10 

.86 

J .04 

1 .08 

1.99 

1 11 1 
.63 

1.97 

1.04 

.81 




1 .16 

.24 

.21 


1 75 

1.76 

] 


86 

.64 

94 

.59 

[ 0 024 

0 013 

.24 

.27 

J 


1.88 

1 90 

] 


1 24 
71 

1.13 

.60 

[ .040 

029 

21 

.20 

) 


1.84 

1. 93 



1.22 
.78 ' 

1. 12 
.74 

i .055 

.044 

.25 

.23 

J 



Calciimi arsenate is obviously highly toxic to millet in sand and in 
these soil-sand mixtures. The 0.011 g of AS2O5 application per pot, 
which reduces the yield one-half in pure quartz sand, is equivalent 
to about two parts AS2O5 per million of sand, or only 4 pounds per 
acre 6 inches. 

The seat of arsenic injury is evidently chiefly in the leaves, as the 
arsenic-poisoned plants in aU cases showed a root development that 
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seemed normal for the size of the plants. When sufficient calcium 
arsenate was appUed to reduce growdih markedly the leaves yellowed, 
became somewhat striated, and tended to^ mther; but no particular 
feature could be singled out as especially distinctive of arsenic injury. 
Millet, however, does not show nutritional disturbances in such 
characteristic ways as do tobacco and other leafy plants. 

Although the critical quantities of arsenic shown in tables 1 and 2 
are in all cases small, there is a rather wide range in the effects of the 
different soil colloids. The Barnes, Stockton, and Houston colloids 
in 1-percent mixtures have almost no effect in reducing the toxicity 
of calcium arsenate, the critical values for these colloids being only 
0 to 0,007 g greater than the blank. On the other hand, in the 
Hagerstown, Columbiana, and Nipe soil-sand mixtures the critical 
arsenic values are 0.068 to 0.092 g greater than the blank. The 
extreme range in critical quantities of the samples tested is 0.092 g. 

The comparative effects of the surface-soil and subsoil colloids on 
calcium arsenate may be judged from the data given in tables 1 and 
2 . In 11 instances the subsoil, or B horizon, was tested as weU as 
the topsoil, or A horizon. Three subsoil colloids, those of the Mar- 
shall, Clarksville, and Norfolk soils, were from two to four times as 
effective as the corresponding topsoil colloids in reducing arsenic tox- 
icity; but in the case of eight sods, the Houston, Wabash, Vernon, 
Earvin, Ontario, Chester, Manor, and Caribou, there was no appreci- 
able difference between the effects of surface-soil and subsoil colloids. 
The B 3 horizons of the Houston and Vernon soils w^ere tested, and 
these had the same effects as the A and Bi horizons. This general 
similarity in the effects of the colloids in different horizons on arsenic 
is unlike the results obtained with phosphate. In the phosphate 
study 11 of the 12 subsoil colloids were found to depress the efffciency 
of the phosphate more than the correspondmg topsoil colloid. 

Differences in the critical arsenic values cannot at this point be 
attributed solely to the effects of the different colloids, since the 
quantity of phosphate applied to the different soil-sand mixtures 
was varied according to the capacity of the colloid for rendering 
phosphate unavailable. Early in this work it seemed that the 
arsenic values might be inffuenced by the quantity of phosphate 
applied or by the time of application. If the phosphate were allowed 
to react with the colloid before the arsenate, or if an excess of phos- 
phate were applied, it seemed possible that the capacity of the col- 
loid for fixing anions might be satisfied by phosphate and the fixa- 
tion of arsenate might be diminished thereby. Two preliminary tests, 
however, indicated that it made httle difference whether the phos- 
phate and arsenate were apphed at the same tune or whether one 
was allow^ed to react with the soil before the other by alternate wet- 
ting and drying.^ Also, an excess of phosphate apparently had no 
effect on the toxicity of calcium arsenate, for in three tests with the 
Nacogdoches and Marshall soik (shown in table 2 ) an increase in 
the normal phosphate application by one-half did not significantly 
alter the :^elds of the check plants or of plants receiving arsenic. 

This failure of the phosphate fertilization to affect the toxicity of 
calcium arsenate is in accord with results obtained by Antoniani and 
Eonio (4)) who found that phosphate ions adsorbed by soils were 
largely displaced by arsenate ions. Activated charcoal also adsorbs 
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arsenate ions more strongly than phosphate ions, according to Schilow 
and Lepin {15). 

Since the toxicity of calcium arsenate is apparently not affected by 
variation in the phosphate fertilization, differences m the critical 
arsenic values may be attributed to differences in the effect of the 
soil colloids. Obviously, therefore, one of the more important fac- 
tors in the resistance of soils to arsenic injury is the character of the 
colloidal material present. Another major factor is, of course, the 
quantity of colloidal material in the soil. 

EFFECTS OF INCREASING QUANTITIES OF SOIL COLLOIDS ON THE 
TOXICITY OF CALCIUM ARSENATE 

Four experiments were conducted to determine how the toxicity of 
calcium arsenate varies with increasing quantities of colloid in the 
sand-soil mixture. The results of these experiments are shown in 



COLLOID (GRAMS) 

Figure 2, — Quantity of calcium arsenate required to reduce yield one-half, as affected by quantity 

of colloid. 

table 2 and figure 2. There are some irregularities in the curves, 
but in general they approximate straight lines. Deviations are of 
about the magnitude of the experimental error; hence it appears that 
the effect of the soil colloidal material in reducing arsenic toxicity 
increases in approximately direct proportion to the quantity of col- 
loid present. The experimental results upon which this conclusion 
is based were obtained with soil and sand mixtures containing from 
one-half to 3 percent of colloidal material. Although the structure 
of these mixtures varied somewhat, they were all open as compared 
with structures that might be found in highly colloidal soils. Possi- 
bly with mixtures containing from 10 to 30 percent of colloidal mate- 
rial, which would have a closer structure, the proportionality between 
percentage of colloid and effect on arsenic toxicity would not hold 
so well. 
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According to the preceding results, the arsenic resistance of a whole 
soil would be approximately equal to the percentage of colloid times 
a figure representing the resistance of the colloid. It is of interest to 
calculate on this basis the arsenic resistance that whole soils might 
have. The resulting figures are probably not accurate measures of 
the arsenic tolerance under field conditions of the soils used in these 
tests, but they should give a rough idea of the variations in tolerance 
that might be found in widely different soils. 

The figures of tables 1 and 2 , representing the quantities of AS 2 O 5 
required to reduce yields one-half, may be used for the specific resist- 
ance of 1 percent of colloid. The percentages of colloid in the dif- 
ferent soils are given in other pubhcations. The weight of an acre of 
soil to a depth of 6 inches is taken as 2 , 000,000 pounds. The pure 
quartz sand, containing no colloid, would, as already stated, show 
marked injury mth only 4 pounds of As 20 s per acre. The Nipe soil, 
on the other hand, with 60 percent or more colloid, having an exceed- 
ingly high resistance, would require 2,112 pounds of AS 2 O 6 per acre 
to produce the same degree of injury. An average soil with 20 per- 
cent of colloid having an average arsenic value (the mean for colloids 
tested in this study) would show marked injury from an application 
of 192 pounds of AS 2 O 5 per acre. 

These figures should be taken as indicating only approximately the 
order of variation that might be found in soils of the most widely 
different types. Figures for the arsenic resistances of the whole soils 
used in this work have not been tabulated because further^ work 
would be needed to establish their reliability for field conditions. 
Probably some factor would be needed to convert values obtained in 
pot experiments to values applicable to field crops. In pot cultures 
root growth is altered more or less, and under field conditions there 
are the modifying effects of leaching, biological activity, and fluctua- 
tions in soil moisture. 

CHARACTERISTICS OF SOIL COLLOIDS AFFECTING THE TOXICITY 
OF CALCIUM ARSENATE 

Since the soil colloids tested in this work covered a wide range in 
properties, some evidence can be obtained from the data as to what 
characteristics of the colloids are responsible for the effects on calcium 
arsenate. 

Apparently the effect of the colloid on calcium arsenate was not 
connected with acidity in any important degree. The different 
colloids had acidities ranging from pH 4.2 to pH 8 . 2 , but the arsenic 
values showed no correspondence to these variations. For example, 
two soil-sand mixtures of pH 8.1 and pH 4.7, respectively, had approxi- 
mate the same effect on calcium arsenate, and two other soils, both 
of pH 4.7, had arsenic values of 0.015 and 0.042. In view of these 
results acidity could be only a minor factor in arsenic toxicity. 

That the effects of the colloids on calciiun arsenate are connected 
with the chemical composition of the materials becomes evident on 
correlating the arsenic values with features of the liltimate analysis. 
Table 3 shows that the molecular ratio of silica to sesquioxides, the 
molecular ratio of iron to silica plus alumina, and the simple percent- 
age of iron all have a significant correspondence with the arsenic 
values. Other figures of the ultimate analysis of the colloid that were 
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tried showed considerably less correspondence with arsenic values 
than the three given in table 3, and a closer correlation with other 
ratios of constituents is not to be expected after inspecting the figures 
shown in this table. The marked exceptions to the three significant 
correlations are the colloids of the Norfolk, Davidson, and Caribou 
surface soils (nos. 183, 4439, and 10541). ^ It is hard to conceive of a 
combination of the analytical figures which would bring these col- 
loids into agreement with the arsenic values without throwing the 
other colloids into marked disagreement. 


Table 3. — Correspondence between arsenic values of soils and the chemical com- 
positions of the soil colloids 


Labo- 

ratory 

no. 

Xind of soil 

Depth 

Arsemc 

value 

Molecular 
ratio of SiOa 
to AI 2 O 3 + 
FeaOa of col- 
loidal ma- 
terial 

Per- 
cent- 
age of 
iron 
(FeaOs) 
of col- 
loidal 
mate- 
rial 

Molecular 
ratio of 
Fe 203 to 
S 1 O 2 -I- 
AI 2 O 3 of 
colloidal 
material 

10305 

Barnes loam 

Inches 
0- 9 

0 000 

3.30 

9. 97 

0 065 

6097 

305 

Houston black clay— 

14-20 

.001 

3.24 

2 87 

5,92 
10 57 

.043 

.063 

.041 

042 

Stockton clay adobe 

0-38 

.001 

6096 

Houston black clay 

0- 3 

.003 

3 26 

5 92 

6098 

do 

24-30 

.003 

3 25 

5. 95 

183 

Norfolk fine sandy loam 

0- 8 

006 

1.67 

11. 25 

.073 

.041 

.057 

.049 

.072 

.057 

.068 

.058 

.088 

.051 

.062 

.065 

.068 

.077 

.065 

.065 

i .068 

.071 
.282 
.115 

! 094 

.079 

t .159 

.073 
.096 
.100 
.072 
.032 
.062 
.133 
1. 186 

B3632 

B171 

100S2 

Houston black clay 

1-15 

007 

3.26 

5 92 

Marshall silt loaml 

0-13 

.007 

2 91 

8. 94 
7. 75 
7. 40 
9. 57 
9. 87 
9. 75 
12.40 

8 79 
10 03 
10.29 

10 33 
14. 57 
10. 05 
10. 53 
10. 70 

11 28 
28. 05 
15. 93 
14 37 
10 84 
17.63 
11.34 

14. 74 
15. 27 
11. 51 

4 83 

9 45 

15. 35 
62. 51 

Carrington loam. 

0- 3 

.007 


10341 

Miami^silt loam. 

0- VA 
15-36 

. 007 

* 2 50 

190 

Wabash silt loam 

.013 

3 33 

6718 

Vernon fine sandy loam 

0- 3 

014 

2. 66 

189 

Wabash silt loam', 

0-15 

.015 

3. 16 

4439 

Davidson loam 

0- 9 

.016 

1.60 

3 23 

2 88 

1 81 

5i2 

Sharkey clay 

0- 4 

.020 

B172 

Marshall silt loam 

13-24 

.020 

298 

Manor loam 

7-20 

.020 

297 

do— - 

0- 7 

.020 

1 74 

0415 

Cecil clay loam 

0- 6 

.020 

1.27 

2.18 

2.34 

2.44 

1 84 
1.08 

1 77 

195 

Clarksville silt loam.. 

0-10 

.021 

6720 

Vernon fine sandy loam 

10-27 

.022 

6719 

do 

3-10 

.023 

184 

Norfolk fine sandy loam 

12-36 

.023 

5028 

Nacogdoches very fine sandy loam 

0- 8 

.029 
. 035 

299 

Chester loam 

0- 8 

6679 

181 

Kirvm fine sandy loam. 

12-24 

.038 

1.74 

2 13 

Ontario loam 

0-12 

040 

10543 

Caribou loam 

4— 6 

. 040 

1 41 

300 

Chester loam 

8-32 

.042 

1.79 
2.02 
2, 08 

6678 

Kirvin fine sandy loam 

0-12 

.045 

182 

Ontario loam... 

1^22 

.046 

.047 

.053 

196 

Clarksville silt loam.. 

10-36 

2’ 10 

2 95 

1 91 
.81 
.31 

10541 

Caribou loam 

94- 2 

0- 8 

391 

Hagerstown loam 

.068 

.082 

.092 

9804 

Columbiana clay 

0-10 

5891 

Nipe clay 

0-12 


Coefficient of correlation of arsenic values with molecular 
S 1 O 2 


-0 08±0 06 

-1- .59-l .07 


' Al203+Fe203 

Coefficient of correlation of arsenic values with percentage 
of iron ('Fe 203 ) __ 



Coefficient of correlation of arsenic values with molecular 

. Fe203 

ratio. — — - — 


+ .55± 

.08 



Si02+Al203 





The correlation coefficients given in table 3, together wth their 
probable errors, show that within the limits of probability the two 
molecular ratios involving iron and the simple percentage of iron all 
agree about equally well with the arsenic values. Thus it seems that 
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iron is the chief constituent of the colloid affecting the toxicity of 
calciimi arsenate. Tliis conclusion is supported also by previous work 
with artificial inorganic gels. Biltz (5) found that silica gel had 
practically no effect on arsenic acid and that an alumina gel adsorbs 
much less than an iron gel. The activity of an iron gel, however, 
dunmshes vith age, according to Biltz {5) and to Lockemann and 
Lucius {12), 

If iron is the only constituent of the colloid having an appreciable 
effect on calcium arsenate it might seem that the correlation between 
arsenic values and percentage of iron or ratios involving iron should 
be higher than 0.55 to 0.68. However, if the reactivity of the iron 
in the different colloids varies and does not vary in proportion to the 
total quantity of iron, a closer correlation could hardly be expected. 
No data are available on the reactivity of the iron in different colloids, 
but presumably it is more or less variable. One would expect the 
uon to be especially reactive in Podzol soils, for instance, since the 
transfer of iron from the surface stratum to lower layers is especially 
active in this group of soils. The Caribou, the only true Podzol 
tested, had an especially high arsenic value for its iron content. 

Without attempting to follow the mechanism of the reaction in 
detail, it may be considered that the soil colloid reduces the toxicity 
of calcium arsenate by forming an insoluble ferric arsenate with any 
arsenate ions going into solution. This may be the essence of the 
matter; but the process is presumably very complicated in detail, 
several phases being mvolved — the plant root, the soil colloid, water, 
and particles of calciiun arsenate which are insoluble. Correspond- 
ingly, the so-called “arsenic values” may be regarded as representing 
the quantities of arsenic combined with the colloids in a form so 
insoluble as to be unavailable to the plant; whereas the actual state 
of affairs may be somewhat different. 

If the alumina of the colloid has no effect on the toxicity of calcium 
arsenate, it would seem that both correlations of arsenic values with 
percentages of iron and with ratios of iron to sihca plus alumina should 
be higher than the correlation with ratios of silica to sesquioxides, 
since this last ratio includes alumina in the same term with iron. 
But, as a matter of fact, the silica-sesquioxide correlation is at least 
equal to, if not slightly closer than, the other two correlations. This 
may be due to the fact that not only the quantity of iron but appar- 
ently also the condition of the iron varies approximately with the 
silica-sesquioxide ratio. At all events, after organic matter is de- 
stroyed by hydrogen peroxide most colloids having high silica-sesqui- 
oxide ratios are gray, w’-hereas most of those having low ratios are 
yellow or red. It is possible, therefore, that the silica-sesquioxide 
ratio evaluates roughly both quantity and reactivity of the iron. 

EFFECTS OF SOIL COLLOIDS ON CALCIUM ARSENATE COMPARED 
WITH EFFECTS ON SUPERPHOSPHATE 

Sonie of the ideas that have been offered regarding the behavior 
of soil coUoids toward arsenate and phosphate are supported by the 
compa^tive quantities of arsenate and phosphate rendered unavail- 
recapitulate briefly, are that reaction of the 
colloid with arsenate is dependent only on the iron, whereas reaction 
with phosphate is dependent on the phosphate content of the colloid 
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and on both iron and alumina. A previous publication [10) gives 
the quantities of phosphate fixed by a number of soil colloids, some 
of which were used in this work 

That the phosphate content of the colloid diminishes fixation of 
phosphate but does not affect fixation of arsenate is in accord with 
the comparative effects of topsoil and subsoil colloids on the two 
substances. It was found in the superphosphate study that nearly all 
topsoil colloids fix less added phosphate than the cori’esponding 
subsoil colloids. This w^as explained on the basis that the topsoil 
colloid in nearly aU cases is higher in phosphorus than the subsoil 
colloid and is therefore more nearly saturated with phosphate. 
Granting that this idea is correct, it would follow that the phosphate 
content of the coUoid has httle or no effect on arsenate adsorption, 
since, as previously mentioned, the topsoil and subsoil colloids in 
most cases fix equal quantities of arsenate. 

The conclusion that arsenate fixation is dependent on the iron of 
the coUoid, while phosphate fixation is dependent on both alumina and 
iron is supported by certain correlations. In the first place, there is a 
significant but not close correlation betw^een the quantities of arsenate 
and of phosphate fixed by a number of soil colloids. The correlation 
coefl&cient between arsenate and phosphate values is 0.54 for 13 sur- 
face-soil colloids and 0.69 for 6 subsoil colloids. Coefficients of this 
magnitude are about what one would expect if one series of values 
were dependent on iron alone and the other series on both iron and 
alumina. The phosphate content of the colloid as a factor affecting 
fixation of phosphate was largely eliminated by correlating the phos- 
phate values of surface-soil colloids and subsoil colloids separately 
with the arsenate values. 

Further correlations furnish more dnect evidence that the arsenate 
values are dependent on iron alone and that phosphate values are 
dependent on both iron and alimiina. The arsenate values show a 
fail’ correlation with iron alone or with iron plus alumina but practi- 
cally no correspondence with alumina alone. The correlation co- 
efficients are 0.59 for iron, 0.68 for iron plus alumina, and only 0.20 
for alumina. Phosphate values, on the other hand, show a fair 
correspondence with both iron and alumina alone and a fairly close 
correspondence with iron plus alumina. Correlation coefficients 
obtained on comparing phosphate values with the chemical constit- 
uents of topsoil colloids and of subsoil colloids, separately, were 
respectively: 0.42 and 0.50 with iron alone, 0.55 and 0.69 with alumina 
alone, and 0.71 and 0.79 with iron plus alumina. 

SUMMARY 

This investigation deals with the comparative effects of different 
soil coUoids on the toxicity of calcium arsenate to millet. 

Effects of the coUoids are determined from comparative growths 
m^e by millet (Setaria italica) in pot cultures when increasing quan- 
tities of calcium arsenate are added to pure quartz sand and to soil- 
sand mixtures. The soil-sand mixtures contain sufficient soil to supply 
1 percent of colloidal soil material. The quantity of calcium arse- 
nate (expressed as AsaOs) required to reduce the yield one-half in the 
soU-sand mixture minus the quantity required to reduce the yield 
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one-lialf in pure quartz sand is taken as the measure of the effect of 
the colloid and is called the “arsenic value’^ of the colloid. ^ 

The arsenic values of 36 soil colloids tested show a wide range of 
variation; namely, from 0.000 to 0.092 g of AS2O5 per pot. In other 
words, in some soil-sand mixtures the quantity of calcium arsenate 
reducing the yield one-half is the same as in pure quartz sand (0.011 g 
of AS2O5 per pot) ; whereas in another soil-sand mixture the quantity 
of arsenate reducing the yield one-half is 0.092 g of AS2O5 more than 
the 0.011 g of AS2O5 required in quartz sand. 

The effect of the soil colloid in reducing toricity of calcium arsenate 
increases in approximately direct proportion to the quantity of 
colloid, at least up to a few percent of colloid. The resistance of a 
soil to calcium arsenate injury, therefore, depends on the quantity 
of colloid present and on the specific resistance of the colloid. 

On the basis of these pot experiments it appears that whole soils 
could show resistances to calcium arsenate injury as variable as the 
following: Soils that are made up of practically pui'e quartz sand, 
4 pounds of AS2O5 per acre ; soils with 20 percent of colloid of average 
arsenic resistance, 192 pounds of AS2O5; and soils containing 60 percent 
of colloid of exceptionally high specific resistance, 2,112 pounds of 
AS2O5. These figures may have no practical significance except as 
indicating possible degrees of variation for certain plants. 

The effects of the colloid on calcium arsenate appears to be unin- 
fluenced by the phosphate fertilization, by the acidity of the colloid, 
and by the presence of calcium carbonate, but it does appear to be 
influenced by the chemical composition of the colloid. The arsenic 
values of the colloids correspond roughly with the silica-sesquioxide 
ratios of the colloids, with the simple percentage of non, and with 
the ratio of iron to silica plus alumina: the coefficients of correlation 
with these features of the chemical composition are, respectively, 
— 0.68±0.06, +0.59 ±0.07, and +0.55±0.08. It is concluded 
that the effect of the colloid is dependent on the quantity and reac- 
tivity of the iron present. 

A comparison of the arsenic values with figures previously obtained 
for phosphate rendered unavailable by soil colloids tends to support 
the conclusion that the eflPect of the colloid on calcium arsenate is 
dependent only on the iron, whereas the effect on superphosphate is 
dependent on the phosphate, iron, and alumina contents of the colloid. 
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THE EFFECTIVENESS OF VARIOUS ARSENICALS IN 
DESTROYING LARVAE OF THE JAPANESE BEETLE 
IN SASSAFRAS SANDY LOAM ‘ 

By Walter E. Fleming, entomologist, and Francis E. Baker, assistant ento~ 
mologist, Division of Fruit Insect Investigations, Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture - 

INTRODUCTION 

In a previous contribution from the Japanese beetle laboratory 
{Sy it was shown that larvae of the Japanese beetle {Popillia ja^onica 
Newm.) were killed by the introduction of certain arsenicals into the 
soil. Subsequent investigations have been carried on to determine 
the effectiveness of different arsenicals for this purpose, when freshly 
applied and after having been in the soil for several years. In the 
study of the insecticidal action in Sassafras sandy loam during the 
period 1929 to 1935, which is reported in this paper, over 18,000 tests 
were made, involving more than 90,000 larvae. 

Larvae of the Japanese beetle may be lulled upon ingesting arsenic 
wliile burrowing through poisoned soil or feeding on roots growing 
in this soil. When they have a lethal quantity, the larvae cease 
feeding and burrowing, discharge the contents of the alimentary 
tract, become flabby, and eventually die. The period of time required 
for the arsenical to kill depends upon its nature and concentration 
and upon the development, activity, and susceptibility of the larvae. 
The nature and concentration of the material applied to soil can be 
controlled, the larvae of a definite stage of development can be 
selected, and the activity of the insects can be controlled to a large 
extent by regulating the food, temperature, and moisture in the soil, 
but it is impossible to obtain, in different fields, or from the same 
field at different periods of the year, groups of larvae that have the 
same susceptibility to arsenic. In any study of the effectiveness of 
a material as a stomach-poison insecticide for the larvae of the Jap- 
anese beetle, it is necessary to conduct the tests under conditions in 
which the larvae are active, and to compare the killing power of the 
material with that of a standard stomach-poison insecticide, such as 
acid lead arsenate, under the same conditions on larvae from the 
same source. 

ARSENICALS USED 

The arsenic trioxide used in this study was not analyzed but was 
guaranteed by the manufacturer to be 98 to 100 percent pure. The 
other arsenicals had the composition^ shown in table 1. The names 
used to designate the various samples are those employed by the 

1 Received for publication Oct 23, 1935; issued April, 1936. 

2 The writers are indebted to F. M. Wadley, of the Bureau of Entomology and Plant Quarantine, for 
assistance in the statistical treatment of the data. 

3 Reference is made by number (italic) to Literature Cited, p. 503. 

^ Analyses of these materials were made by the Insecticide Division when it was a division of the Bureau 
of Chemistry and Soils. 
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manufacturers and do not imply that definite, pure salts were avail- 
able. In particular, the two calcium arsenates are to be regarded as 
containing considerable of the compounds named, but in admixture 
with such quantities of excess lime and calcium carbonate as to make 
their gross analyses practically identical. 

CONDITIONS FOR TESTING STOMACH-POISON INSECTICIDES 

ON LARVAE 

It has been observed that when the temperature of the soil is 
below 50^ F. the larvae of the Japanese beetle are largely inactive 
and are affected by stomach poisons only to a limited extent. As 
the temperature of the soil is raised to 85°, the activity of the larvae 
increases and the period of time required for an insecticide to become 
effective is progressively decreased. At a temperature of 80° to 85° 
a stomach poison may be effective within 2 weeks, whereas at 60° 
from 6 to 8 weeks may be required. Temperatures above 85° appear 
to retard the activity of the larvae. Activity is also impaired in 
soils that are excessively dry or wet. 


Table 1. — Percentage composition of the arsenates used %ii this study 


Arsenate 

Moisture 

Total 1 
arsemc j 
oxide 

Total 

arsemous 

oxide 

Water- 

soluble 

arsemc 

o.\ide 

Total base 

Aluminixm 

7.28 

33 71 

0 69 

0 72 

39 82 as AlsOi. 

Barium—. 

,56 

26 69 

10 

2 38 

66 55 as BaO 

Dicalclum 

1. 05 

40 15 

(0 

. 17 

7.00 

40.74 as CaO 

Tncalcium. 

1.31 

40 64 

.20 

40 57 as CaO 

rernc 

2 28 

47 64 

. 16 

1.19 

33.66 as Fe20j. 

63 13 as PbO 

Acid lead 

.14 

32 44 

.28 

.41 

Basic lead 

.32 

22 09 

.15 

.17 

72 59 as PbO 

Magnesium, 

3 79 

32 84 

.05 

.61 

39 58 as MgO 
r48 32 as MnO 
18.65 as CaO 

57.94 as ZnO 

Manganese. 

1 40 

42 97 

00 

1 02 

Zmc - 

.91 

33.07 

3. 60 

.34 



1 Trace 


It was decided to test the effectiveness of stomach poisons at a 
constant temperature of 80° to 85° F. in Sassafras sandy loam about 
half saturated vdth water and to supply an abundance of food by 
sowing grain in the soil. These tests were conducted in large cham- 
bers maintained at a relative humidity of 96 to 100 percent at the 
desired temperature to prevent excessive loss of moisture from the 
soil, and lighted artificially to promote the growth of the grain. A 
description of these chambers has been pubhshed {2, p. 124). 

PROCEDURE FOR CONDUCTING A TEST 

In every test commercial acid lead arsenate, which was used as a 
standard insecticide because several years^ experience with the ma- 
terial in the field had demonstrated its effectiveness in killing Japanese 
beetle larvae, was applied to the soil at the rates of 250, 500, 1,000, 
1,500, and 2,000 pounds per acre within a few hours before introduc- 
tion of the larvae. In mixing, 0.735 cubic foot of soil, suflSicient to 
fill twenty 5-inch earthern pots, was first spread in a thin layer on a 
smooth concrete floor, and then a weighed quantity of the lead 
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arsenate was scattered uniforirdy over the soil and mixed \nth it by 
raking and shoveling until uniformly dispersed. The quantities of 
material added to this volume of soil and the equivalent number of 
pounds per acre when mixed to a depth of 3 inches are as follows: 

Equivalent pounds 


per acre to a 

Grams per 0.735 cubic foot: depth of s inches 

7.3 250 

14 7 500 

29.4 1,000 

44.1 1,600 

58.8 2, 000 


After each batch had been mixed, it was placed in twenty 5-inch 
pots, the drainage holes of which were covered with 16-mesh wire 
to prevent the subsequent escape of larvae. An equal number of 
pots were filled with untreated soil for the determination of the natural 
mortality of the insect. Other materials were then applied in the 
same manner, or pots of soil that had been treated previously and 
exposed to weathering in the field were brought in and the soil was 
carefully examined to remove any larvae that might be present as a 
result of natural infestation. Grain was sown in each pot. 

The pots were plunged to a depth of 2 inches in moist peat in the 
constant-temperature chamber. After 48 to 72 hours, when the soil 
was at the proper temperature and the grain had sprouted, five 
active third-instar larvae were placed in each pot. The most satis- 
factory procedure for infesting the pots is to make five holes 2 inches 
deep with a small dibble, place one larva in each hole, and fill the 
holes with soil. Third-instar larvae were selected because larvae in 
this stage are most resistant to insecticides; in addition, it is easier 
to handle larvae of this age without injuring them, and such larvae 
are more readily seen in soil during the examination than are those of 
other instars. It was not feasible, because of cannibalism, to place 
more than five larvae in a 5-inch pot of soil. 

Seven days after the larvae had been introduced, the soil was 
removed from each pot and the numbers of dead and living were 
recorded. The soil and the living larvae were then replaced in the 
pot, the dead being discarded. After being left undisturbed for a 
second 7-day period, the potted soil was reexamined and the condi- 
tion of the larvae recorded a second time. 

At the end of the first 7-day period usually half of the larvae were 
surviving in soil treated with the standard insecticide, commercial 
acid lead arsenate, at rates of 1,000 to 1,500 pounds per acre, and at 
the end of the second period this condition existed with concentrations 
of 500 to 1,000 pounds. When a material was considerably more 
effective than the standard insecticide, usually half of the larvae were 
alive at concentrations between 250 and 1,000 pounds per acre at the 
end of the first period and few were alive in any concentration at the 
end of the second period. When a material was considerably less 
effective than the standard, the point of median survival was found 
between concentrations of 1,000 and 2,000 pounds at the end of the 
second period. The materials that were considerably more effective 
than the standard were therefore compared with the standard at the 
end of the first 7-day period, and the other materials were compared 
at the end of the second period. 
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EFFECTIVENESS OF VARIOUS ARSENICALS 

It has been shown {6^ 7, 8) that the closest agreement in tests with 
insecticides occurs when the SO-percent death point is selected as the 
criterion. The method used in determining the median points of 
survival and the coej0S.cient of effectiveness of the different treatments 
is illustrated in the determination of the effectiveness of aluminum 
arsenate that had been freshly applied to the soil. The average 
number of larvae surviving in each concentration of aluminum arse- 
nate and in each concentration of the standard insecticide tested at 
the same time, their respective checks, and their standard errors ® are 
given in table 2. 


Table 2. — Average number of larvae surviving from an original of 5 larvae per in 
various concentrations of aluminum arsenate as compared with their survival in the 
standard insecticide 


Quantity of material (pounds per acre) 

Average number of larvae 
surviving in— 

Standard 

insecticide 

Alummum 

arsenate 

0 _ 

3. 73±0 123 

3 73d=0 123 

500 - 

2 91± . 125 

2. 16± . 173 

1,000 _ 

1 55± .172 

1. 33=b . 176 

1,500 - 

.77i: .105 

.65=t .127 


47± 113 1 

61=t 119 


Since an average of 1.27 larvae were dead in the pots of untreated 
soil in this series, it is considered that in each concentration of these 
materials this number had died from causes other than poisoning, such 
as injury or disease. One-half the survival in the untreated soil was 
therefore selected as the median survival point, or where 50 percent 
were killed by poisoning. The median survival in this case was found 
to be 1.86±0.161 larvae.^ 

An examination of the data for the standard insecticide shows that 
the concentration where 50 percent were killed by poisoning is between 
500 and 1,000 pounds per acre. If A is the concentration giving a sur- 
vival, O, just above the median survival, M, and B is the concentra- 
tion ^ving a survival, D, just below the median survival, the median 
effective concentration of the standard, M. (7.s, can be estimated by 
substituting the required values in the equation ^ 


5 It should be noted that the standard error, and not the probable error, is used throughout this paper. 

The standard error of the mean was calculated according to the equation where o-x is the 

V IV”"! 

standard deviation and N is the number of pots 

® The standard error of the median survival m the soil containing an insecticide cannot be determined 
from the error o*" the survival m untreated soil It was therefore estimated according to the procedure out- 
lined by Trevan (^?). The percentage errors of the survivals above and below the median were plotted and 
the percentage error of the median obtained by interpolation The error of the median was then calculated 
from the value of the median 

^ This equation for the median effective concentration was derived in the following manner: The median 
concentration can be expressed by the equation 


M a 




As the samples are from different concentrations, however, the standard error of the difference is equal to 
the square root of the sum of the squares of the errors of the proportions U, p. BU), and this equation becomes 


L C-i>zbVc2+d2 

When these values are substituted in the equation to determine the error of a quotient (communication 
from Sewali Wright to B. A. Porter, Bureau of Entomology and Plant Quarantine), the equation becomes 




C-M , c2-l-d3 T 
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M.G.szkc — L ^ D^ C D\ 


c^-hm^ I 


n 

lO-DYA 


A in this case equals 500, B equals 1,000, C equals 2.91, equals 0.125^ 
M equals 1.86, equals 0.161^, D equals 1.55, and <P equals 0.172^. 
The median effective concentration of the standard was found to be 
886 ±96 pounds, and in like manner the median effective concentra- 
tion of freshly applied aluminum arsenate was found to be 681 ±156 
pounds. 

The coefficient of effectiveness of the aluminum arsenate was then 
determined by the equation 


Coefficient of _ M.C.g±6 M.C.g ■ M.C.s I 

effectiveness M.C.t±ei M.C.t M.C.t'S (M.C.sY'^ (M.C.tY 

where M.C.s±ei is the median effective concentration of the standard 
insecticide and its error and M.O,t±e is the median effective concen- 
tration of the aluminum arsenate and its error. The coefficient of 
effectiveness of freshly applied aluminum arsenate was found to be 
1.30 ±0.329, indicating that when freshly applied this material is 
1.30 ±0.329 times as effective as freshly apphed acid lead arsenate in 
kilhng the larvae in the soil. 

The coefficients of effectiveness of the various arsenicals in kilhng 
larvae were determined immediately after api)hcation and at intervals 
up to 60 months after apphcation. The coefficients are given in table 3. 


Table 3. — Coefficiejits of effectiveness of various arsenates ^ and arsenic trioxide 
against larvae of the J apanese beetle after the arsenicals had been in the soil for 
different periods of time 



j Coefficient of effectiveness 

Months m the soil 

Aluminum 

Barium 

Dicalcium 

Tncalcium 

Ferric 


arsenate 

arsenate 

arsenate 

arsenate 

arsenate 

0 

1.30±0 329 

1. 10±0. 216 

1. 80db0. 339 

1. 46±0 310 

1.04=h0 140 

6 

.94± .284 

1.09=fc .233 

2. 44db . 599 

1 21± .196 

. 78± . 149 

12 

1.09± .248 

. 75± . 134 

1.24± .243 

1.15± .216 

. 72=h . 142 

18 

1 OOi . 279 

. 70tfc . 326 

1. 45± . 359 

1 28=fc 260 

.66± .132 

24 

. 87± . 477 

96d= . 214 

1.27± .259 

80± 165 

. 42± . 165 

30 

. 78=h , 133 

. 67± . 121 

. 96± . 216 


. 42=t . 194 

31 

1. 02dr .204 

43 

. 98± . 125 

.68it 112 

. 77± . 098 

.94± .164 


44 

35± .254 

48—. 1 

0 

6 

6 

0 

0 

60 - 

0 

0 

0 

0 

0 


Coefficient of effectiveness 

Months m the soil 

Acid lead 

j 

Magnesium 

Manganese 

Zinc arsenate 

Arsenic 


arsenate 

arsenate 

arsenate 

trioxide 

0 

1. 00±0. 148 

1 89±0 438 

1 97±0 449 

1. 16d=0 181 

1 85=h0.344 

6 

. 98=b . 159 

1. 14± . 193 

.88± .287 

.83=fc .208 

2 75db . 547 

12 

. 76± . 118 

1. 38± . 203 

1.33± .277 

1. OOrfc . 186 

2.00± .530 

18 

. 65± . 100 

. 97db . 163 

1.05=t: .274 

. 92± . 162 

2. 03=fc . 427 

24- 

. 63± . no 

.87=b .333 

.82± .132 

.75± .178 

2.39d= .768 

30 - - . - 

. 53d= . 102 




2.36=h .426 

31 


. 83=h 105 

92=fc . 128 

. 68± 090 


43 





2 77± .431 

44 

. 25± . 056 

.31db .061 

.37d= ,070 

.33d= .073 


48 - 

0 

0 

0 

0 

l.30db .251 

60 

0 

0 

0 

0 

1.34± .233 


1 Basic lead arsenate was tested as extensively as the other materials, but the survival was so high, even 
when used at the rate of 16,000 pounds per acre, that it was not possible to determine the median effective 
concentration. The coefficient of effectiveness was consistently zero. 
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DISCUSSION OF RESULTS 

Wlien the coefficients of effectiveness of the various materials were 
plotted against the time that the materials had been in the soil, the 
functional relationship could he expressed by means of a straight 
line. To determine accurately the position of this line, the constants 
of the equation of the line were determined mathematically by the 
method of least squares 55~61). The coefficient of correlation 

(i, pp. 121 j 128) j fxy, adjusted for the numberjof cases, the adjusted 
standard error of estimate {1, pp. 121, 128), Syx, and the coefficient 
of determination {1, p^ 120) were then calculated (table 4). The 


Table 4 . — Statistical measures shoidng the association between the coefficients of 
effiectiveness of various arsemcals and the time these arsenicals remained in the soil 


Arsenical i 

Adjusted 
coeffi- 
cient of 
correla- 
tion 

Coeffi- 
cient of 
deter- 
mmation 

Standard 
error of 
estimate i 

Arsenical 

Adjusted 
coeffi- 
cient of 
correla- 
tion 

Coeffi- 
cient of 
deter- 
mmation 

Standard 
error of 
estimate i 

Alummum arse- 




Acid lead arsenate. 

0 942 

0,887 

0. 128 

nate 

0.793 

0 629 

0 284 

Magnesium arse- 




Barium arsenate... 

.855 

.731 

.213 

nate - 

.946 

.895 

.204 

Dicalcmm arse- ; 




Manganese arse- 




nate 1 

.870 

,757 

.391 

nate 

.860 

.750 

.318 

Tncalcium arse- 


Zmc arsenate 

.946 

.895 

.137 

nate 

I .&41 

.707 

.289 

Arsemc trioxide. . . 

.109 

,012 

.321 

Ferric arsenate | 

1 .883 

.780 

j .168 






1 In terms of the eoefBcient of effectiveness. 


regression line, the standard error of estimate, and the determined 
coefficients of effectiveness are presented graphically in figure 1 . 

For the arsenates there was a high correlation between the coefficient 
of effectiveness and the period of time that the materials had been in 
the soil, but there appeared to be little such correlation for arsenic 
tiioxide. The coefficient of determination {r^y)^ is an arbitrary 
mathematical measure which shows what proportion of the variance 
in the values of the dependent variable can be explained by the con- 
comitant variation in the values of the independent variable. It was 
found that almost 90 percent of the variance in the coefficients of acid 
lead arsenate, magnesium amenate, and zinc arsenate could be 
accounted for by the period the materials had been in the soil. More 
than 60 percent of the variance in the coefficients of the other arsenates 
could be attributed to this factor. Since this leaves only a relatively 
smaD percentage of the variance to be accounted for by all other 
factors, it appears that the period of time in the soil was the most 
important factor associated with the coefficient of effectiveness of 
these materials. As the coefficient of determination of arsenic trioxide 
was only 1.2 percent, it is evident that other factors were more im- 
portant than the period of time in modifying its insecticidal action. 

The standard error of estimate shows how nearly the estimated 
values of the coefficients agree with the determined values. As most 
of the determined values were scattered throughout the zone ± 1 
standard error from the regression line, the standard error of estimate 
may be used as a measure of the consistency of the insecticidal 
action of a material. Acid lead arsenate appears to be the most 
dependable of the arsenates for killing larvae in the soil; zinc arsenate 
and ferric arsenate were very close to acid lead arsenate in the con- 
sistency of their insecticidal action. The other arsenicals were more 
variable. The variation in the results obtained with aluminum 
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FigUEE li—Effeotiveness of various arsenicals against larvae of the Japanese beetle after the arsenicals had been in the soil for different periods of time. 
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arsenate, dicalcium arsenate, tricalcium arsenate, manganese arse- 
nate, and arsenic trioxide was so gi^eat as to raise some doubt regarding 
the dependability of these materials as stomach-poison insecticides in 
the soil. 

Theoretically, when the linear correlation is high the averages 
derived from several observations for each period should lie along 
the regression line, and these averages should very nearly coincide 
vdth the estimated values. To have the average of the detei'mined 
values coincide with the estimated value for each period, it would be 
necessary to make many tests of a stomach poison in a complex 
medium such as soil. In view of the long period of time and the 
labor involved in determining the coefficient of a stomach-poison 
insecticide in soil, it has not been possible, in most cases, to make 
more than two or three series of determinations at a given period. 
Therefore, some fluctuation may be expected in the average deter- 
mined coefficients around the regression line. It is believed that 
under the circumstances the regression line, which is based on all the 
determined values, is probably a more accurate average and a better 
basis of comparison than the determined values at a given period. It 
was decided, therefore, to use the estimated values as a basis for com- 
paring the insecticidal effectiveness of the different materials in the soil. 

The estimated coefficients of effectiveness at 0 months measure the 
effectiveness of the freshly applied materials. As these coefficients 
are subject to variation, as are other statistical constants, the standard 
errors of the coefficients were determined (I, p. 25S; If, p, 77) by the 
equation 

Standard error of estimated coefficient of effectiveness^— 

The estimated coefficients were then arranged in order of increasing 
difference from the coefficient of acid lead arsenate, and the differ- 
ences^ between the coefficient of acid lead arsenate and the other 
arsenic als were determined as given in table 5, It is generally 
accepted that when a value is two or more times its standard error 
the value can be considered significant. It is apparent from these 
data that ferric arsenate is significantly less eft‘ective and the other 
arsenicals are significantly more effective than acid lead arsenate when 
freshly applied to the soil. 


Table 5. — Significance of the difference hetweeri the estimated coefficients of effective- 
ness of th£ various arsenicals when freshly applied 


Arsenical 

Estimated 

coefficient 

of 

effectiveness 

Difference 
between 
coefficient of 
effectiveness 
of acid lead 
arsenate and 
that of 
arsenical 
indicated 

Ratio 

Aeid lead arsenate 

Feme arsenate . 

1, OlztO. 0199 



Barium arsenate " ’ ' 

. 90zfc . 0286 

1 1 44- 

0 llzfcO.0348 

f¥3fVA 

3.2:1 

Zme arsenate 


• xo± • 

3.3:1 

Aluminum arsenate 

X. XUZC • \J^V 

1 9fi-u HdilQ 

• lojUlt * vAOxti 
07 1 

i 4. 7 ; 1 
! 5 5*1 

TncaJciuin arsenate. . " ” 

1 4R-4- Q 

. Z/dt • 

Manganese arsenate 

X* *±OZC 4 \JiJli7 

• . UOOO 

8 5:1 

Magnesium arsenate. 

X. ovzc • UO i X 

• Oo± . UtMW 

1 An j f\A 1 'T 

9 1:1 

Uic^elum arsenate 

• UoOO 

. 0U± , IHl/ 

1 ’I 

14.4: 1 

Arsenic tnoxide... 

, UOiO 

2. 36d= . 0507 

I X* • 1)049 

1. 36d= . 0546 

17.3:1 

24.8:1 
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It was thought that there might be some correlation between the 
effectiveness of the various arsenicals and the percentage of total or 
water-soluble arsenic oxide in the materials. Apparently, however, 
there was no correlation between the coefficient of effectiveness and 
the percentage of water-soluble arsenic oxide or of arsenious oxide, 
although there did appear to be some relation between the coefficient 
of effectiveness and the total arsenic oxide. The coefficient of cor- 
relation and the coefficient of determination were calculated by the 
regular procedure. The coefficient of correlation was found to be 
0.672 and the coefficient of determination, 0.452. As 45.2 percent of 
the variance in the coefficients of effectiveness could be accounted for 
by the total arsenic oxide content of the materials, it is apparent that 
the arsenic oxide content has some influence, although other properties 
of the materials are more important in modifying the insecticidal 
action. 

The coefficient of regression measures the slope of the regression 
line; it shows the average change in the coefficient of effectiveness 
each month the material has been in the soil. The variation likely 
to be present in the coefficient of regression of the different materials 
was determined (f , p, 252; 8, p. 852) by the equation 


Standard error of hxy 





The coefficients of regression were then arranged in the order of in- 
creasing difference from that of acid lead arsenate, and the differences 
were determined as given in table 6. It was found that magnesium 
arsenate and dicalcium arsenate decreased in effectiveness more rapidly 
than did acid lead arsenate, but no significant difference in the rate of 
change could be demonstrated with the other materials. 


Table 6. — Significance of the difference in the change in effectiveness of the arsenicals 

in the soil 


Arsenical 

CoefBcient of 
regression 

Difference be* 
tween coeffi- 
cient of regres- 
sion of acid 
lead arsenate 
and that of 
arsenical 
indicated 

1 

Ratio 

Acid lead arsenate. 

0 0179=b0.0022 



Barnim arsenate . . 

. 0178=±= . 0037 
0189± .0049 
0195± .0023 

0. 6001±0. 0043 
. 0010=h . 0054 
. 0016± . 0032 
. 0020=fc . 0036 

0 02.1 
.18-1 

Aluminum arsenate. _ ... .. 

Zinc arsenate 

.60:1 

Feme arsenate | 

0159± .0029 

.55-1 

Tricalcium arsenate 

. 0228± 0060 

. 0049± . 0055 

.89:1 

Arsenic trioxide. i 

. 0103± . 0056 

. 0076± . 0060 

1.27:1 

1.66:1 

Manganese arsenate 

.{)277± .0055 

. 0098± 0059 

Magnesium arsenate . ... 

. 0295± . 0035 

. 0116± . 0041 

2.83:1 

Diealcium arsenate . 

.0349± 0068 

.0170± 0071 

2 39:1 



As chemical analyses showed that there was little change in the total 
arsenic content of the soil in the pots during a period of 60 months, 
the decrease in the effectiveness of the materials in this case cannot 
be due to removal of the material from the soil by leaching. Basic 
lead arsenate was found to be ineffective, even at 10 times the con- 
centration of acid lead arsenate. It appears, therefore, that the loss 
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of effectiveness of these arsenicals in Sassafras sandy loam can be 
attributed to the slow conversion of the arsenic into a form, probably 
a complex basic salt, that is not toxic to the insect. In the field the 
decrease in effectiveness of an arsenical is influenced to some extent 
by leaching, and under these conditions the change in insecticidal 
action can be attributed to both factors. 

SUMMARY 

During the period 1929 to 1935 a study was made of the relative 
effectiveness of the inorganic arsenates and arsenic trioxide as stomach- 
poison insecticides for the destruction of the larvae of the Japanese 
beetle in the soil. The experiments were conducted under conditions 
in which temperature, moisture, and food in the soil were controlled, 
with larvae from the same source. More than 18,000 tests, involving 
90,000 larvae, were made with aluminum arsenate, barium arsenate, 
dicalcium and tricalcium arsenates, ferric arsenate, acid lead arsenate, 
basic lead arsenate, magnesium arsenate, manganese arsenate, zinc 
arsenate, and arsenic trioxide. 

The effectiveness of the materials in Sassafras sandy loam was 
determined immediately after application and at intervals up to 60 
months. The median effective concentration of each material was 
compared with that of freshly applied acid lead arsenate, which was 
used as a standard insecticide and tested at the same time, and the 
results were expressed as the coefl&cient of insecticidal effectiveness 
of the standard. 

Almost 90 percent of the variance in the coefficients of acid lead 
arsenate, magnesium arsenate, and zinc arsenate, and more than 60 
percent of that of the other arsenates, could be accounted for by the 
period the materials had been in the soil, but only 1.2 percent of the 
variance in the coefficient of arsenic trioxide coiud be attributed to 
this factor. It is evident, therefore, that the period of time in the 
soil was the most important factor associated with the effectiveness 
of the arsenates but that other factors were more important in 
modifying the insecticidal action of arsenic trioxide. 

Acid lead arsenate appeared to be the most dependable arsenical 
for killing larvae in soil, with zinc arsenate and ferric arsenate almost 
as consistent in their action. The variation in the results obtained 
with aluminum arsenate, dicalcium arsenate, tricalcium arsenate, 
manganese arsenate, and arsenic trioxide was so great as to raise 
some doubt regarding their dependability as soil insecticides. 

Basic lead arsenate was found to be of no value as a soil insecticide. 
Terric arsenate was significantly less effective and the other materials 
were significantly more effective than acid lead arsenate when freshly 
applied to the soil. There was no correlation between the water- 
soluble arsenic oxide content or the arsenious oxide content of the 
materials and their effectiveness. As 45.2 percent of the variance 
in the coefficients could be accounted for by the total arsenic oxide 
content of the materials, it is apparent that the arsenic oxide content 
has some mfluence, although other properties of the materials are more 
important in modifying the insecticidal action. 

Magnesium arsenate and dicalcium arsenate decreased in effective- 
ness more rapidly than acid lead arsenate, but no significant difference 
in the rate of change could be demonstrated with the other materials. 
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As there was little loss in the total arsenic content of the soil under 
the experimental conditions during a period of 60 months, the 
decrease in effectiveness can be attributed to the slow conversion of 
the arsenic into a form, possibly a complex basic salt, that is not toxic 
to the insect. In the field the loss in effectiveness can properly be 
attributed to the removal of the arsenic by leaching and to its con- 
version to an ineffective form. 
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ERRORS OF ROUTINE ANALYSIS FOR PERCENTAGE OF 
SUCROSE AND APPARENT PURITY COEFFICIENT 
WITH SUGAR BEETS TAKEN FROM FIELD EXPERI- 
MENTS ' 

By F, R. Immbk, formerly assoc2ate geneticist,"- and E. L. IeCberg, assistant 
' pathologUi, Division of Suga.r Plant Investigations, Bureau of Plant Industry, 
United iSiaies Department of Agriculture 

INTRODUCTION 

The exteiit and source of experimental error, for the detennination 
of percentage of sucrose and apparent purity coefficient of sugar 
beets grown in experimental trials, are of considerable practical impor- 
tance. Yeiy little information is available regarding the magnitude 
of these errors. Generally, the percentage of sucrose sind the apparent 
purity coefficient are determined from a composite sample of pulp 
rasped from 10, 20, or 30 beets included in the sample . It is important 
to know the rapidity with which the error decreases as the size of 
the sample increases. Since this error will be due to a. combination 
of many factors entering into the analysis, it is of interest to deter- 
mine also, as far as possible, the source of the major portion of the 
error. With such information available, it is possible to determine 
the lines along which improvement in technique, leading to a reduc- 
tion in experimental error, may be sought. 

The followdng study was made to ascertain the errors of routine 
analysis for the determination of percentage of sucrose and apparent 
purity coefficient in sugar-beet samples from experimental plots. 

MATERIALS AND METHODS 

In 1933 seed of the Kleinwanzleben ^‘NormaF’ strain of sugar beets 
was planted on May 7, and the beets were harvested October 4 to 6. 
In 1934 seed from a composite cross of several high-yielding varieties 
was planted on May 8, and the beets were harvested October 9 to 11. 

The seed was planted in rows 20 inches apart and thinned to a single 
beet per 12 inches of row. The stand was satisfactory both years. 
All beets adjacent to obvious skips in the row were removed before 
harvest, and the results were based on the study of beets with normal 
competition on all sides. 

The design of the experiment was the same in both years. The 
land was divided into five blocks each year. In 1933 each block 
was made up of 30 rows. In 1934, 4 of the 5 blocks were 40 rows 
wide while the fifth contained 35 rows. The plots were 66 feet long 
in both years. Each block was divided into 10 plots of equal size. 
Six lots consisting of 2 samples each of 10, 20, and 30 beets were 
taken at random from eacl plot. Care was used to sample the entire 
plot adequately. 

1 Received tor publication October 12, 1936; issued April 1936. Cooperative investigations by the Divi- 
sion of Sugar ri^t Investigations, Bureau of Plant Industry, U. S Department of Agriculture, and the 
Divisions of Agronomy and Plant Genetics and Plant Pathology and Botany of the Minnesota Agricultural 
Ejs^penment Station Paper no. 1349 of the Journal Series of the Minnesota. Agricultural Experiment 
Station 

2 Resigned August 1, 1936; now associate professor of agronomy and plant genetics, University of Minne- 
sota. 
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The samples were brought to the laboratory immediately. The 
beets were washed and then each beet was split into halves with a 
motor-driven circular saw. The weight of the beets, ^ percentage of 
sucrose, and apparent purity coefficient were obtained for both 
hah^es of each sample (hereafter called duplicates). The duplicates 
were, therefore, the 10, 20, or 30 halves taken from the left or the 
right side of the saw. 

The percentage of sucrose, by direct polarization, was determined 
by the Sachs-Le^Docte cold-water digestion method from a composite 
of pulp from all the beets in each duphcate. An im m ersion refrac- 
tometer equipped with a water jacket for temperature control was used 
to determine the percentage of total solids. The apparent purity 
coefficient (hereinafter called purity coefficient) was then calculated 
by dividing the percentage of sucrose by the percentage of total 
solids. 

A crew of six washed and weighed the beets in^ each sample, split 
them into halves, rasped the halves for a composite sample of pulp, 
determined the saccharuneter and refractometer readings, and washed 
the glasses and filters after use. The persons reading the instruments 
had had a short period of training before starting on the regular 
analyses. The saccharimeter readings were made by the same person 
during both years; othervuse the laboratory crew was different each 
year. Speed in operation was stressed throughout, the analyses in 
this study being made at a rate of shghtly over 200 sugar and purity 
analyses each per day of about 7K working hours. 

Two samples of 10, 20, and 30 beets each were selected from each 
of 10 plots within each of 5 blocks, making 100 samples of each size. 
When the beets included in each sample were split into halves, 200 
duplicate samples resulted, thus permitting 200 readings to be made 
for each sample size. The entire experiment was duplicated the sec- 
ond year. The data were analyzed by the procedure described by 
Fisher ^ as the analysis of variance. 

Analyses of variance were made, for each of the three sample sizes 
in each of the 2 years, for weight of beet, percentage of sucrose, and 
purity coefficient. Analyses of covariance were made, for each sample 
size, for the three variables in all combinations consisting of groups 
of two. 

EXPERIMENTAL RESULTS 

Table 1 gives, for each sample size, the means for weight per beet 
(in pounds), percentage of sucrose, and purity coefficient for each year 
and for the average of both years. 

Table 1. — Mean weight 'per beeij percentage of sucrose, and apparent purity 
coefficient for 10-, 20-, and SO-heet samples in each of 2 years and the average of both 
years 

MEAN WEIGHT PER BEET (POUNDS) 


Year 

10-beet 

sample 

20-beet 

sample 

30-beet 

sample 

1933... 

1.5344 

9330 

1 5274 
.8714 

1. 4492 
.9235 

1934. 

Average 

1. 2337 

1. 1994 

1.1864 



3 Fkher, n. a. statisticat. methods for research workers. Ed 5, rev. and enl , 319 dp., illus. 
Edinburgh and London. 1934 > i t > 



Apr. 1, 1936 


Errors in Routine Analysis of Sugar Beets 


507 


Table 1. — Mean weight 'per heet, percentage of sucrose j and apparent purity 
coefficient f or 10-j and 30-beet samples in each of 2 years and the average of both 

years — Continued 

MEAN PERCENTAGE OF SUCROSE 


1 

Year 

10-beet 

sample 

20-beet 

sample 

30-beet 

sample 

1933 - - - 

16 0075 
16 8235 

15 9635 

16 7270 

16 0S55 
16. 7060 

1934 - 

Average - 

16.4155 

16 3452 

16 3958 



MEAN PURITY COEFFICIENT 


1933 

87. 6702 
85 0634 

87 2352 
84. 8072 

87. 4514 
85 0843 

1934 

Average 

86.3668 

86 0212 

86 2678 



The average weights per beet for the three sample sizes were approx- 
imately on the same level, indicating that errors due to selection of 
larger or smaller beets for the different samples had been adequately 
controlled. These averages assure that the method of selecting beets 
in the field was satisfactory for the laboratory samples. The average 
percentages of sucrose and purity coeflBcient were sufidciently similar 
for both years to meet the needs of this study. 

The mean squares from the analyses of variance for 10-, 20-, and 
30-beet samples are given in table 2. The mean squares for weight 
of beets, percentage of sucrose, and purity coefficient are designated 
as and respectively, and the mean products by wSy wp, 

and sp. 


Table 2. — Mean squares and mean products of weight per beet (in pounds) ^ per- 
centage of sucrosCj and purity coefficient for 10-, 20-, and SO-heet samples in 1983 
and 1934 

^ lO-BEET SAMPLES 


Year 

Apportionment of 
variation 

De- 
grees of 
free- 
dom 1 

Mean square * 

Mean product ^ 

1 


pa 

ws 

VL'P 

sp 


[Plots withm blocks 

45 

2 7327 

1 3847 

13 0693 

-0. 6102 

-0 m54 

2 5657 

1933 

•{Samples within plots. 

50 

1. 4697 

.5046 

7 4557 

-. 1128 

0146 

.9847 


(Duplicates within samples. . 

100 

1834 

0790 

1.8304 

- 0168 

-.0315 

. 1585 


[Plots withm blocks.. 

45 

1. 0995 

1 2684 

4. 3748 

-.3604 

- 5739 

1 3374 

1934 

•{Samples within plots . 

50 

3974 

.1928 

1 3781 

- 0278 

- 1999 

.3353 


[Duplicates withm samples.. 

100 

.0443 

0338 

1 0795 

-.0010 

0093 

.1042 


[Plots within blocks 

90 

1 9161 

1 3266 

8 7220 

- 4853 

: - 5396 

1.9516 

Average of 1933 

■^Samples withm plots 

100 

.9336 

.3487 

4. 4169 

-.0703 

-.0926 

.6600 

aLIU. 

[Duplicates within samples.. 

200 

1138 

.0564 

1. 4550 

- 0089 

, -.0111 

.1314 


20-BEET SAMPLES 


1933 

[Plots withm blocks.. 

45 

50 

lOO! 

45 

50 

100 

6 3748 
4. 5531 
4242 
1.7490 
2. 2546 
1630 

0.9976 

.3024 

.0570 

.7229 

.3878 

.0404 

19. 9208 
4. 0739 
1.4132 
4. 2522 
1. 6592 
1.0005: 

-0 3807 

- 5786 

- 0056 
0276 

- 2072 

- 0034 

-0 1758 

- 3615 

- 0516 
.3943 

-. 1746 

- 0022 

3 3073 
.6763 
.1141 
.9005 
.1489 
.1122 

1934 

Average of 1933 
and 1934. 

[Duplicates within samples. . 

[Plots within blocks 

■^Samples within plots 

[Duplicates withm samples. . 

[Plots within blocks 

j Samples withm plots. 

[Duplicates withm samples. . 

90 

100 

200 

4. 0619 
3. 4038 
,2936 

.8602 

.3461 

.0487 

12. 0865 
2.8666 
1.2068 

-.1766 
- 3929 
-.0045 

.1092 

-.2680 

-.0269 

2 1039 
.3626 
.1132 


1 The degrees of freedom due to variation between blocks in each analysis are not shown. 

3 The mean squares for weight of beets, percentage of sucrose, and purity coefficient are designated as 
and respectively. 

3 The mean products of weight X sucrose, weight X punty, and sucrose X purity are designated as ws, 
wp, and sp, respectively. 



508 


Journal of Agricultural Research 


Vol 52, no. 7 


Table 2. — Mean squares and mean products of weight per beet {in pounds) ^ per- 
centage of sucrose^ and purity coefficient for lO^'t ^0-, and 30-beet samples in 1938 
a7id 1934 — Continued 


30-BEET SAMPLES 


Year 

1 

Apportionment of 
variation 

De- 
grees of 
free- 
dom 

Mean square 

Mean product 

1 

wi \ 


p2 

lOS 

wp 

sp 


[Plots within blocks 

45 

7. 21761 

0 6807 

18. 9185 

-0. 1119 

1 3945 

2.7406 

1933.. . . 

^ Samples within plots . . 

50 

5 5288' 

.4008 

6.9691 

- 3122 

- 6615 

.9022 


[Duplicates within samples. . 

100 

.6376: 

.0782 

1. 9378 

-.0001 

.0973 

.2134 


[Plots within blocks. 

45 

6.5908 

.7684 

2. 1113 

-.5597 

- 0578 

.6797 

1934 

'{Samples within plots 

50 

2. 5640 

.1361 

1.7488 

- 0344 

. 1993 

1257 


[Dupucates within samples. . 

100 

. 3226 

.0333 

.7846 

-.0199 

-.0902 

.1067 


[Plots within blocks 

90 

6 9042 

.7246 

10 5149 

- 3358 

6684 

1. 6602 

Average of 1933 

•j' Samples within plots .. 

100 

4 0464 

2684 

4. 3690 

- 1733 

-. 2311 

.5140 

and 1934. 

[Duplicates within samples .. 

200 

.48011 

,0558 

1 3612 

- 0060 

.0036 

.1600 


The mean squares for variability between blocks and for^ total 
variability are not given in table 2 since they are not needed in the 
present study. 

The beets were smaller in size in 1934 than in 1933 (table 1), and 
from the data in table 2 it appears that the variability was corre- 
spondingly reduced. The variance for weight of beets between samples 
from the same plots was less than one-half as great in 1934 as in 1933. 
The variability in weight between halves of the same samples (du- 
pUcates) also was less than one-half as great in 1934 as in 1933. The 
variability in weight is of interest insofar as the weight of beets has a 
bearing on the percentage of sucrose and purity coefficient. 

The variance between duplicates within samples for percentage of 
sucrose was less than one-half as great in 1934 as in 1933 for the 10- and 
30-beet samples, with a smaller reduction in the 20-beet samples. 
The average laboratory-error^ variances for all samples were for 1933, 
0.0714; for 1934, 0.0358; and for the 2 yeap, 0.0536. The corre- 
sponding standard errors of a single analysis would be, therefore, 
0.2672, 0.1892, and 0.2315. This reduction probably is due to 
greater precision in the laboratory in 1934, since the variability between 
duplicates must be due to laboratoiy errors alone. 

As an average of both years, it cannot be said that the variance 
between duplicates for percentage of sucrose (laboratory-error vari- 
ance) was different for the 10-, 20-, and 30-beet samples, the variances 
being 0.0564, 0.0487, and 0.0558, respectively. Since there seems to 
be no difference between the laboratory variances for 10-, 20,- and 
30-beet samples, it may be concluded that inaccuracies due to splitting 
the beets into halves, rasping, and mixing the larger mass of pulp from 
the 30-beet samples as compared with the smaller samples were not 
significantly different in the three sample sizes. 

The laboratory-error variance for purity coefficient, like that for per- 
centage of sucrose, was much lower in 1934 than in 1933. The average 
laboratory-error variances for all samples were for 1933, 1.7271; for 
1934, 0.9549 ; and for the 2 years, 1.3410. The corresponding standard 
errors of a single analysis were 1.3142, 0.9772, and 1.1580. The 
average laboratory-error variances for the 2 years were 1.4550, 1.2068, 

< The term “laboratory error" is used to designate all possible sources of error that can occur in the labo- 
ratory. 
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and 1.3612 for the 10-, 20-, and 30-beet samples, respectively. There 
was no consistent variation in the variances with increase in sample 
size. 

It is of interest to compare the relative magnitude of the laboratory- 
error variances for percentage of sucrose and purity coefficient. The 
average variance for percent^e of sucrose for all samples was 0.0536, 
while that for purity coefficient was 1.3410; hence the variance of 
purity coefficient was 25 times as great as that for percentage of 
sucrose. Table 1 shows that the average percentage of sucrose for 
all samples was 16.3855, while the average purity coefficient was 
86.2186, the latter being 5.26 times as great as the former. It is 
apparent, therefore, that the relative variance (variance divided by 
the squared mean) was very nearly the same for both percentage of 
sucrose and purity coefficient. The relative variance for percentage 
of sucrose was .0536-^(16.3855)^, or 0.00020, while that for purity 
coefficient was 1.3410-^- (86,2186)^, or 0.00018. The standard errors 
for laboratory errors in percentage of the mean were 1.41 and 1.34 
for percentage of sucrose and purity coefficient, respectively. 

The mean products (table 2) for weight of beets and percentage of 
sucrose are negative, with one exception, and indicate a small negative 
correlation. The mean products for weight and purity coefficient 
were more often negative than positive, and very small. However, 
the mean products of percentage of sucrose and purity coefficient 
were positive and indicate positive correlation between these two 
variables. The significance of the correlation coefficients to be 
derived frorn the mean products and mean squares will be discussed in 
greater detail later. 

The variance due to variability between duplicates within samples is 
due to errors in the laboratory method. The variance due to varia- 
bility between samples within plots is due to laboratory errors plus the 
true variance between the individual samples from the same plots. 
The latter is due to genetic and environmental factors affecting the 
weight, percentage of sucrose, and purity coefficient of the individual 
beets. 

Table 3 brings together data, taken from table 2, on the two vari- 
ances for percentages of sucrose for the three sample sizes. 


Table 3. — Mean squares for 'percentages of sucrose and for purity coeffaient of 
10- , '20- j and 30-heet samples taken in 1933 and 1934- 


Year 

Apportionment of variation 

De- 
grees! 
of ! 
free- 
dom 

Mean square for 
percentage of su- 
crose in samples 
havmg indicated 
number of beets 

Mean square for pu- 
rity coefiScient in 
samples having in- 
dicated number of 
beets 

10 i 

20 

30 

10 

20 

30 

1933-— 

1934 

Average for 1933 and I 
1934. 1 

/Samples withm plots 

iDuplicates within samples ». 

/Samples withm plots 

/Duplicates withm samples.. 

/Samples within plots 

/Duplicates withm samples. - 

50 
100 
60 ! 
100 

' 

0. 6046 1 
.0790 1 
.1928 
.0338 

0.3024 i 
.0570 1 
.3878 
.0404 I 

0.4008 

.0782 

.1361 

.0333 

7.4557 

1.8304 

1.3781 

1. 0795 

4.0739 

1. 4132 
1.6692 

1. 0005 

6. 9691 
1 9378 
1.7488 
.7846 

100 

200 

.3487 

.0564 

.3451 

.0487 

.2684 

.0558 

4.4169 

1.4550 

2,8666 

L2068 

4 3590 
1.3612 


60150—36 ^3 
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While the laboratoiy-error variances for i)ercentage of sucrose were 
reduced in 1934 as compared with those in 1933, the ratio of the 
laboratory-error variance to the variance between samples within plots 
was relatively similar in both years. Consequently, the interpreta- 
tion of these data will be based on the averages of both years. 

In order to estimate the expected variance for a given number of 
samples from a plot and a given number of laboratory analyses per 

sample the formula used,^ where 

i?=required variance per plot, 
number of samples per plot, 

'^=number of laboratory analyses per sample, 
m=variance due to laboratory errors (between duplicates within 
samples), 

p=variance between samples within plots due to genetic or environ- 
mental factors; i. e., variance between samples within plots minus 
variance between duplicates within samples expressed on a sample 
basis. 

Table 4 shows the average values of p and m for 1933 and 1934. 
The values of m are taken dhectly from table 3, and the values of 'p 
are computed from the same table. The value of p for the 10-beet 

samples, for example, is P -Q =.0.1462. To convert this 

variance from the basis of a single laboratory analysis to a sample basis 
it is necessary to divide by 2, since two analyses were made on each 
sample. The variance of a single plot is seen to be made up of two 
components: (1) The laboratory-error variance and (2) the variance 
due to the true variability between samples. Both contribute to the 
error of the plot. 


Table 4. — Variance and variance m- in percentage of sucrose of 10-, and 
30-beet samples for the 2-year averages for 1933 and 1934 


Apportionment of 
vanance 

10-beet 

samples 

20-beet 

samples 

30-beet 

samples 

V 

0 1462 

0 1482 
.0487 

0 1063 
.0558 

m 

.0564 



p~ Yankee betveeen samples withm plots due to genetic or environmental factors, i c , vari;ince be- 
tYreen samples Ynthm plots minus variance between duplicates within samples expressed on a sample basis 
3 m— variance due to laboratory errors (between duplicates withm samples). 


As pointed out previously, the laboratory-error variances (»«) do 
not seem to vary with the size of the sample. The estimated variances 
for the true variability (p) between the 10-, 20-, and 30-beet samples 
were 0.1462, 0.1482, and 0.1063, respectively. These variances would 
be expected, theoretically, to be inversely proportional to the size of 
the sample, i. e., 10-, 20-, and 30-beet samples, as the degrees of free- 
dom increase without limit. The values of p for the 20- and 30-beet 
samples are approximately proportional to the inverse ratio of the 
number of beets m the sample, but the value of v for the 10-beet 
samples is lower than expected. 

^ SAMPLING TECHNIC WITH SUGAR BEETS Jour Agr Research 44 (VU-Ml 




Apr. 1, 1936 


Errors in Routine Analysis of Sugar Beets 


511 


Increasing the number of laboratory analyses per sample or reduc- 
ing the laboratory error by more careful technique reduces the vari- 
ance m. Likewise, increasing the number of samples of beets for 
sucrose analysis from each plot reduces the variance p. The experi- 
mental error of the individual plots is made up of both m and y. 

If one 20-beet sample is taken from a plot and duplicate sugar 
analyses are made on the sample, the variance for the plot (using the 
averages for both years) is 


i?==0.1482- 


0.0487 


=0.1726 


If the two 20-beet samples are taken from a plot and only one 
laboratory analysis is made on each sample, the plot variance is 


Thus it is seen that if the total number of analyses is held constant, 
increasing the number of samples from a plot decreases the error of the 
experiment more rapidly than does increasing the number of labo- 
ratory analyses per sample. If but one 20-beet sample is taken from 
each plot and one anlaysis is made, the variance is 

ir=0. 1482+0.0487=0.1969 

Even though the laboratory variance were reduced to zero, the plot 
variance {K) would stiU remain at 0.1482, or 75 percent as great as at 
present. Thus, increasing the precision in the laboratory can affect 
only 25 percent of the plot variance obtained in this study 

(Greater precision in making the laboratory analyses can be expected 
to reduce the variance m, but will have no effect on the value of ]). 
While the laboratory errors are probably greater than could be 
obtained by more careful work by a more ad^equately trained tech- 
nician, they are relatively small as compared with the large errors 
due to the variability between the individual beets. 

In table 3 are given the variances of purity coefficients for samples 
within plots and duplicates within samples for the 10-, 20-, and 30-beet 
samples. The laboratory error as measured by variance between dupli- 
cates within samples, for the average of all three sample sizes, was only 
55 percent as great in 1934 as in 1933. The variance for percentage 
of sucrose in 1934 was 61 percent as great as in 1933. Thus it appears 
that the reduction in the error in purity coefficient followed closely 
the reduction in the error in percentage of sucrose. It is the reduc- 
tion in variance between samples within plots which is more striking, 
the variance in 1934 being only 74 percent as great as that in 1933. 
Growing conditions in the autumn of 1933 were normal, whereas in 
1934 a very severe and protracted drought greatly delayed growth 
and reduced the size of the beets. It was shown in table 2 that the 
beets were more uniform in size and in purity coefficient in 1934 than 
in 1933. Therefore, it seems reasonable to assume that this reduc- 
tion in variability in purity coefficient probably was associated to a 
considerable degree with climatic conditions conducive to greater 
uniformity between beets. 
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As an average of both years, the variance m (duplicates ‘within 
samples) was 1.4550, 1.2068, and 1.3612 for the 10-, 20-, and 30-beet 
samples, respectively. The variance was lowest for the 20-beet 
samples but this probably 'was due to eiTor of random sampling. It 
appears that the laboratory-error variances for purity coefficient did 
not vary significantly with size of sample. This fact would follow 
logically after the conclusions drawn for percentage of sucrose. 

The values of variance p for the 10-, 20-, and 30-beet samples, as 
an average of both years, w^ere 1.4810, 0.8299, and 1.4989, respectively. 
Thus, the estimated true variance between samples (apart from lab- 
oratory errors) was the lowest for the 20-beet samples. These values 
of variance p were essentially the same for the 10- and 30-beet sam- 
ples, however. 

As an average of both years, the ratio of values of the variance p to 
variance m for percentage of sucrose varied from 2:1 to 3:1 with 
different sizes of samples. The same ratio for purity coefficient varied 
from 1:1 to 0.7 : 1. From this it is apparent that the laboratory 
errors are of greater importance for purity coefficient than for per- 
centage of sucrose. Therefore, improvements in laboratory technique 
leading to lower laboratory errors are relatively more important in 
reducing the experimental error for puiity coefficient than for per- 
centage of sucrose. Any reduction in the laboratory error for per- 
centage of sucrose wmuld reduce the error for purity coefficient as 
well, since the saccharimeter reading is used in the calculation of 
purity coefficient. 

Since the variances p and m, for the 2-year average of the 20-beet 
samples, were 0.8299 and 1.2068, respectively, a single sample per 
plot and but one laboratory analysis would give a variance of 
i?=0.8299 + 1.2068, or 2.0367. The laboratory-error variance (1.2068) 
wnuld be 59 percent of this plot error. In the case of percentage of 
sucrose, the laboratory-error variance was but 25 percent of the plot 
variance. 

The laboratory errors for purity coefficient were relatively more 
important in 1934 than in 1933. Using the 20-beet samples as an ex- 
ample, the laboratopr-error variances were 52 and 75 percent of the 
plot variances for a single analysis on a single sample ia 1933 and 1934, 
respectively. 

Since the relative variances (variance divided by squared mean) of 
laboratory error for percentage of sucrose and purity coefficient were 
very similar and the estimated variances due to the true variability 
between beets (variance p) were proportionately much greater than 
variances m for percentage of sucrose than for purity coefficient, it 
appears clear that the beets varied considerably less in purity coeffi- 
cient than they did in percentage of sucrose. This was true narticu- 
larly in 1934. 

^ When the total number of laboratory tests was held constant, mak- 
ing several analyses per sample reduced only variance m whereas 
analyzing several samples with only one laboratory analysis per sam- 
ple reduced both variance m and variance p. 

From the foregoing it is apparent that it is preferable to analyze 
several samples from a plot, with only one analysis of each sample, 
than to make several analyses per sample. 
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In table 5 are given the coejfficients of correlation for (1) weight of 
beets with percentage of sucrose, (2) weight with purity coefficient, 
and (3) percentage of sucrose with purity coefficient. The coefficients 
were calculated directly from the mean products and mean squares of 
table 2. 

Table 5. — Coefficients of correlation for weight and percentage of sucrose, loeight, 
and purity coefficient, and percentage of sucrose and purity coefficient in 10-‘, 20-, 
and 30-beet samples taken in 1933 and 1934- 


10-BEET SAMPLES 




Degrees of 

Correlation coefl5cient of— ^ 

1 ear 

Apportionment of variation 

freedom 

tv and s 

w and p 

s and p 


[Plots within blocks 

45 

-0 3137 

-0 0846 

0 6031 

1933 

1934 

[Samples within plots 

(.Duplicates within samples 

[Plots within blocks 

< Samples within plots 

50 

100 

45 

60 

~. 1310 
1396 
-.3052 
— . 1004 

.0044 

-.0544 

-.2617 

.2701 

. 5077 
.4168 
.5677 
6505 


[Duplicates within samples 

100 

-.0258 

.0425 

. 5455 


[Plots within blocks 

90 

-.3044 

— . 1320 

.5737 

Average of 1933 and 1934 


100 

-.1232 

- 0456 ' 

.6318 


lDup?icates with?Q samples 

200 

-.1110 

- 0273 

.4587 


20-BEET SAMPLES 



[Plots within blocks 

45 

-0 1510 

-0 0156 

0 7419 

1933 

-[ Samples within plots 

[Duplicates within samples 

50 

- 4931 

-.0839 

.5195 


100 

- 0485 

-.0666 

.4020 


[Plots within blocks 

45 

.0245 

.1446 

.5136 

1934 

•{ Samples within plots 

[Duplicates withm samples... 

50 

- 2216 

0903 

.1856 


1(X) 

- 0419 

-.0054 

.5581 


[Plots within blocks 

90 

-.0945 

1 . 0166 

.6525 

Average of 1933 and 1934.. 

\ Samples within plots 

100 

-.3625 

1 -. 0858 

.3646 

[Duplicates within samples 

200 

-.0376 

-.0452 

.4669 

30-BEET SAMPLES 


[Plots within blocks 

< Samples within plots 

[Duplicates withm samples. .. 

45 

-0.0505 

0. 1193 

0 7637 

1933 

50 

-.2097 

- 1066 

.5398 


100 

-.0004 

.0875 

.6482 


( Plots within blocks 

45 

- 2487 

- 0155 

4551 

1934 

■[Samples within plote 

50 

-.0582 

.0941 

.2676 


[Duplicates wlthfn samples 

100 

-.1148 

-. 1793 

6601 


[Plots within blocks. 

90 

-. 1501 

.0784 

.6015 

Average of 1933 and 1934. _ 

■^Samples within plots 

[Duplicates within samples 

100 

-.1663 

- 0550 

.4752 

200 

-.0367 

.0045 

.6806 


1 weight; s= percentage of sucrose; p== purity coeflScient. 

In the notation previously employed for designating the mean 
squares and mean products, the coefficient of correlation between 
weight of beets and percentage of sucrose would be 

S(ws) 

The correlation coefficient for variability between duplicates within 
10-beet samples in 1933, for example, as calculated from table 2, 
would be 


-0.0168 


-0.1396 
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In testing the significance of these correlation coefficients we may 
use the 5-percent level of significance to test whether the observed 
coefficients could have arisen by chance from an uncorrelated popula- 
tion.® To exceed the 5-percent level of significance the correlation 
coefficients would need to be greater than the values given below, for 
the degrees of freedom in table 5. 


Degrees of Correlation coefficients 

freedom ai S-percent point 

45 0 . 2905 

50 .2757 

90 . 2061 

100 . 1955 

200 . 1384 


The correlation coefficients for weight of beets and percentage of 
sucrose between duplicates within samples were all negative, though 
nonsignificant. It is clear, therefore, that the _ sli^t differences 
between the weights of the two halves of the split sample of beets 
(duplicates) did not significantly affect the percentage of sucrose. 
Thus, splitting of the beets prior to rasping the pulp for analysis was 
accomplished with sufficient accuracy to prevent this from being a 
source of detectable error in the sucrose analyses. While an inherent 
negative correlation between weight of beets and percentage of sucrose 
between samples within plots is evident, only in one instance, that of 
the 20-beet samples in 1933, was the correlation coefficient significant. 
This coefficient made the correlation for the average of both years 
significant for that comparison. It appears that variability in weight 
between samples from the same plots was not sufficiently large to 
affect appreciably the percentage of sucrose. 

The purity coefficient was not significantly correlated with weight of 
beets for any of the comparisons made. 

The coefficients of correlation between percentage of sucrose and 
purity coefficient were all positive. Only 2 coefficients out of 27 
calculated failed to reach the 5-percent level of significance, namely, 
those for samples within plots in 1934 for both the 20- and 30-beet 
samples. 

As an average for both years, the correlation between percentage of 
sucrose and purity coefficient, for variability between duplicates 
within samples, was expressed in coefficients of 0.4587, 0.4669, and 
0,5806 for the 10-, 20-, and 30-beet samples, respectively. Those 
coefficients are higldy significant and it can be concluded that the 
purity coefficient was closely associated with percentage of sucrose. 

Calculating the regression of purity coefficient on percentage of 
sucrose, for variability between duplicates within samples, it is found 
that the regression coefficients from the averages of both year's were 
2.3298,^ 2.3244, and 2.8674 for the 10-, 20-, and 30-beet samples, 
respectively. These coefficients were computed from the mean prod- 
ucts and mean squares found in the appropriate rows in table 2. 
From the regression coefficients it can, therefore, be stated that as 
percentage of sucrose increased by 1 percent the purity coefficient 
increased by 2.33, 2.32, and 2.87 percent in the 10-, 20-, and 30-beet 
samples, respectively. 


« Fisher, R A (See footnote 3 ) 
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It is only the portion of the variability in purity coflS.cient not 
associated with percentage of sucrose which is of appreciable value. 
The percentage of the variability in purity coefficient (as naeasui’ed 
by sums of squares) wliich is associated with percentage of sucrose 
will be given by Squaring the coefficient of correlation (as an 
average of both years) between purity coefficient and percentage of 
sucrose, for variability between duplicates within samples, it may be 
said that 21, 22, and 34 percent of the sums of squares for purity 
coefficient, in the 10-, 20-, and 30-beet samples, respectively, was 
associated with variability in percentage of sucrose. Roughly one- 
fourth of the variability in purity coefficient between duplicates was 
dependent on its inherent association with percentage of sucrose, leaving 
75 percent independent of variability for percentage of sucrose. 

SUMMARY 

A study was made of the errors of routine analysis for percentage ^ 
of sucrose and purity coefficient in sugar beets taken from field 
experiments. Comparative analyses were made on 10-, 20-, and 
30-beet samples in each of 2 years. 

The laboratory errors between 10-, 20-, and 30-beet samples did 
not vary significantly for either percentage of sucrose or purity 
coefficient. 

The labor atoiy en^or was a proportionately greater part of the plot 
error for purity coefficient than for percentage of sucrose. Increasing 
the number of samples analyzed per plot would reduce the plot 
variance more rapidly than increasing the number of analyses per 
sample. 

A negative, though nonsignificant, correlation coefficient for varia- 
bility between duplicate analyses of the same samples was obtained 
between weight of beets and percentage of sucrose or purity coefficient. 

The correlation between percentage of sucrose and purity coefficient 
was positive and highly significant. As the percentage of sucrose 
increased by 1 percent the purity coefficient increased by 2.33, 2.32, 
and 2.87 percent in the 10-, 20-, and 30-beet samples, re^ectively. 
Approximately one-fourth of the variability in purity coefficient, as 
measured by the differences between duplicate samples, could be 
ascribed to its inherent association with percentage of sucrose. 




AVAILABILITY OF THE COPPER OP BORDEAUX MIX- 
TUR-E RESIDUES AND ITS ABSORPTION BY THE 
CONIDIA OF SCLEROTINIA PRUCTICOLA^ 

By M. C. GoLDSWORTny, associate pathologist, and E. L. Green, associate bio- 
chemist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 

Industry, United States Department of Agriculture 2 

INTRODUCTION 

The present paper deals with the deposit left hj the drying of a 
bordeaux mixture spray and its effect on the conidia of Sderotinia 
fructicola (Wint.) Rehm. Tliis residue consists of the sediment or 
precipitate and the materials that were dissolved in the water that 
evaporated. It has been established by previous workers that a 
fresh residue usually contains calcium hydroxide, calcium sulphate, 
calcium carbonate, basic copper sulphate, and copper hydroxide. 
That it is very slightly soluble, as indicated by its resistance to 
washing by rains, has been established by studies of the copper com- 
pounds it contains. 

The work reported herein was chiefly concerned with the toxicity 
of the residues after aging and weathering, the latter term including 
the effects of rain, dew, atmospheric gases, and plant excretions. 

REVIEW OF LITERATURE 

Studies of the physical and chemical properties of bordeaux mix- 
ture (7, 22^ 2Jf.Y have shown that the copper is in the form of basic 
sulphates, which investigators have assumed become slightly soluble 
when acted upon by carbon dioxide of the air or by spore and host 
excretions. 

A large literature has been built up around the above-named hy- 
potheses, which have been well discussed by Martin (21) and Mc- 
CaUan (19). According to these hypotheses, the toxicity of the 
basic sulphates of copper is due to the hberation of soluble copper 
after the materials have been deposited upon the host plants, and 
not to the soluble ions and soluble complexes inherent in the deposits 
themselves. 

Whetzel and McCallan (29 j p. 3) summarized the pubhshed infor- 
mation on the solubility of bordeaux mixture in these words: 

It is generally recognized, however, that certain of our standard fungicides, 
notably bordeaux mixture and sulfur dust, are not sufficiently soluble in pure 
water to exercise their fungicidal properties. 

Although it has been the accepted theory that^ the precipitates 
of bordeaux mixture are not in themselves suflaciently soluble to 
exert a toxic influence, and a considerable amount of research has 

1 Received for publication Nov. 27, 1936; issued April, 1938. _ . ^ , 

3 The writers wisb to express their appreciation to J. W. Roberts, of this Division, for his helpful sugges- 
tions during the course of this investigation, and to other members of the Bureau of Plant Industry and 
to members of the Bureau of Chemistry and Soils for their criticisms in the preparation of the manuscript. 

3 Reference is made by number (italic) to Literature Cited, p. 532. 
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been carried out to determine how and why these precipitates become 
soluble, it is only recently that we have come to an understanding 
of some of the principles involved. Although it has been recognized 
by Clark (iO), Crandall (if), Barker and Gimingham (4), McCallan 
{19), Lutman {17), and many others that bordeaux mixture preciph 
tates are toxic to fimgus spores from the time they are applied, it 
still remains to be proved just how that toxic effect is produced. 

The study of bordeaux mixture must take account of its chemical 
composition and properties, and for this reason a review of the perti- 
nent knowledge on these subjects is presented. The chemical com- 
position of bordeaux mixture is known to be quite complex. One 
reason for this is found in the wide range of proportions and con- 
centrations of the solution of copper sulphate and the solution or 
suspension of calcium hydroxide that are stirred together to make 
bordeaux mixture. 

Pickering {24) concluded that the proportion of lime should not 
exceed that necessary to react with all the copper sulphate. He 
found this to be tluee-fourths of a chemically equivalent weight, or a 
trifle more than 1 part by weight of hydrated lime to 5 parts of copper 
sulphate crystals. This fact and liis studies of the precipitate showed 
that the copper compound formed by the reaction was the basic 
sulphate CuSOi.3Cu(OH}2, the same that had been described long 
before by Proust {26, p. 34) as the result of the prolonged reaction 
of copper hydroxide with copper sulphate. According to Posnjak 
and Tunell {25), extensive studies of copper compounds have by 
now led most of the interested authorities to conclude that at tem- 
peratures between 0° and 40° C. and near the neutral point tliis 
compound is the only one formed. Pickering’s restriction of the lime 
kept the alkalinity of his preparation in this same range. An alka- 
linity greater than 0.05 normal (pH 12,5) cannot be attained with 
lime because of its small solubility. Thus certain basic compounds 
of copper that have been shown to be formed in more alkaline solu- 
tions are formed only slowly and incompletely in calcixmr hydroxide 
solutions. 

Injuries to host plants have compelled the use of much greater 
proportions of lime than those recommended by Pickering {24)] in 
fact, the weight of lime taken at present is more likely to be at least 
equal to the weight of the copper sulphate than to be only a fifth 
of it. The sediment of these mixtures contains calcium hydroxide 
in addition to the sulphate, for more is present than will dissolve. 
This circumstance makes the basicity of the insoluble copper com- 
pounds difficult to estimate, and accordingly divergent results have 
been reported. These results have led to suggestions that a number 
of basic compounds of copper and double compounds of lime and 
copper are formed. However, Martin {22) has presented evidence 
of a slow transformation of the basic sffiphate first formed to the 
hydroxide, and offers this as an explanation of the divergent results. 

Since the immediate effect of bordeaux mixture in the conHol of 
fungi {4, 10, 11, 17, 19) and obvious damage to certain host plants 
{3) cannot be adequately explained except by assuming that some of 
the copper passes into solution, the copper compounds of the residue 
cannot be considered strictly insoluble. In one of the earliest papers 
on bordeaux mixture, Millardet and Gay on {23) suggest an inherent 
solubility, and more recently Hockenyos {14) and Eibereau-Gayon 
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{27) found that this solubihty measures several parts per million. 
In the work presented in this paper the writers have found that the 
copper of bordeaux mixture dissolves in water at the rate of about 4 
parts per million. The behavior of bordeaux mixture as reported 
herein indicates that something different from the inherent solubihty 
of these copper compounds is responsible for the fact that the copper 
is readily taken up from certain residues by fungus spores. These 
results agree better with the theory that there is present a varying 
quantity of a certain sort of copper compoxmd, not necessarily ionic, 
which is subject to absorption by the spores. For this property the 
term ''availabihty’' is suggested to distinguish it from solubihty, 
which means the quantity of the residue constituent that will dissolve 
without first undergoing change. 

That the solubility of unaltered bordeaux mixture residues in large 
quantities of water does not yield sufficiently high concentrations of 
copper to be harmful to the test spores has been proved by a number 
of investigators (4, 19, 21, 28) ] but contact with the particles of the 
same residues in small quantities of water has kiUed some of the same 
spores with little delay. It is also well known that the shorter the 
distance between a particle of residue and a spore the sooner toxicity 
becomes evident (^). 

The hterature discussed so far has dealt exclusively with freshly 
made precipitates or with fresh residues. It is obvious that practical 
work in the field has to do with residues in this condition for only a 
relatively short time and that most of their usefulness comes after a 
certain period of aging and exposure to weather. The resultant 
effects upon the spray residues need to be understood, particularly in 
establishing bases of comparison in the development of new fungi- 
cides. Recently Branas and Dulac {5) reported the results of their 
studies on copper dissolved from residues that were washed with so- 
lutions made up to imitate rain water; however, the residues were 
filtered ofl‘ and were not studied. 

MATERIALS AND METHODS 

Residues resulting from bordeaux mixture sprayed upon microscope 
cover slips w^ere exposed to natural 'weathering in the orchard and then 
brought into the laboratory for critical tests, both as to chemical 
changes and as to toxicity to organisms. Tests were also caiuied out 
with residues that had been aged in the laboratory. 

Conidia of Sclerotiniafructicola were used in this work. The quan- 
tity of similar work done with this organism attests its suitabihty. 
These conidia are large, hyaline, easily stained, and have large vacuoles 
and well-defined granules. Germinability is high and dependable. 
For the most part the conidia were from 10- to 16-day-old cultures 
grown upon nutrient potato hard agar. Occasionally the conidia were 
obtained from growths upon sterile string bean and from rotting 
peaches and plums. 

The precautions given by McCaUan (18) for germination tests were 
strictly observed. Suspensions of the conidia were prepared so that 
they contained about 30 cells to a low-power field ( X 125). 

The tests for toxicity were carried out by placing the conidia of 
Sclerotiniafructicola in drops of water or dilute nutrient solutions upon 
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the residues, the cover slip being inverted and used as the cover of a 
Van Tieghem cell. All tests were made in duplicate. 

Thick (no. 2 ) cover slips were used to reduce breakage. The 24- by 
50-inm size was chosen because two tests could be made with each 
shp by brealdng it into halves. The slips were cleaned, numbered on 
the back, and laid upon paper towels on a horizontal surface, none 
touching another slip. They were then sprayed by means of a hand 
atomizer until each was covered with a complete layer of spray liquid, 
and dried. Averaging a number of determinations of total copper 
(Cu) upon slips prepared m this way gave 36 imcrograms per square 
centimeter, which is in reasonable agreement with the amount found 
by Hockenyos and Irwin {15) and by Holland, Dunbar, and Gilhgan 
{16) for the surface of leaves sprayed in the orchard, ^ 

The bordeaux mixture spray used in all tests contained the equiv- 
alent of 2 poimds of copper sulphate (CUSO 4 . 5 H 2 O), 4 of hydrated 
lime (70 percent CaO), and 2 of bentonite to 50 gallons of water. 
The bentonite was added to improve adhesiveness and was used in 
other tests being compared with these. For comparison, in order to 
evaluate the fungicidal effect of the lime, residues from similar sprays 
where zinc replaced copper were used. The zinc compounds seemed 
to be without permanent effect upon the gerimnation of the spores, 
and the alkalinity of the. hme would be neutralized in about the same 
way as in bordeaux mixtui*e. While it may be argued that a calculated 
quantity of sulphuric acid would be a more defensible check than zinc 
sulphate, the results seemed to prove the zinc-lime spray satisfactory. 
Its use "was convenient because it gave residues that were toxic only 
for a day or so and apparently indifferent afterward. Tliis no doubt 
was due to the loss in the initial alkalinity of the fresh precipitate. 

After being dried, the shps were either stored in the laboratoiy in a 
microscope-sHde box modified to contain them or himg up among the 
leaves in the orchard in a special holder designed for tliis purpose 
(fig. 1 ). This holder was made by fastening a piece of wood to one 



side of a clamp clothespin to protect the cover slip from breakage by 
wind. The jaws were surfaced with cork. Unless a means can bo 
found to make a satisfactory germination test upon a leaf, this seems 
to represent the nearest possime approach to exposing residues to the 
environmental influences that affect residues upon the plant. Un- 
sprayed slips were sometimes hung in the orchard and were sprayed 
when the tree was sprayed. ^ Work reported in this paper suggests 
that stu(hes of this Mnd offer information not to be had by aging the 
residues in any other known way. 

Initial germination was foimd to be somewhat more vigorous and 
constant when nutrient materials were added to distilled water, and 
such a medium appeared to be more suitable than distilled water alone. 
Clumping of the conidia, or the tendency of some of the cells to resist 
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wetting and, therefore, submersion, frequently occurred in most of the 
dilute nutrient media used. This is a distinct disadvantage, since 
some of the cells do not have an opportunity to absorb the nutrient 
media and germination may be delayed. To obviate this, recourse was 
had to a material in no way injurious in itself, namely, coenzyme R, 
which has the property of wetting each spore so that the cells have 
the same electrical charge. Germination was found not to be par- 
ticularly hastened by this method, but it was noted that a greater 
number of conidia began their activity at one time. This, no doubt, 
is a consequence of each cell having the same opportunity of absorbing 
nutrients. The ori^nal paper on coenzyme R, by AlUson, Hoover, 
and Burk (f ), described it as a respiratory coenzyme. The present 
work indicates that it also produces a change in the surface tension of 
the cell walls of the organisms, allowing this surface to become wet 
with the suspensoid containing the nutrient materials. In this man- 
ner the uncertain effects of clumping have been eliminated, and it is 
felt that the work is more standardized because of it. When the 
spore suspension was applied to a surface of spray residue, the liquid 
always showed a strong tendency to spread out among the particles 
of the spray residue. This, no doubt, was caused by the ability of the 
suspensoid to wet the particles of spray residue thoroughly. When 
such a film was placed in the saturated atmosphere of a Van Tieghem 
cell it remained so thin that germination was interfered with, ap- 
parently because of a lack of ^^Tree^' w^ater. Accordingly, the residue 
outside of a circle 6 or 7 mm in diameter was scraped away from the 
cover slip; with this precaution satisfactory germination tests were 
obtained. 

After a small drop of the suspension delivered by a microloop had 
been transferred to the prepared cover slip containing the residues, 
the cover slip was inverted over a Van Tieghem cell and incubated at 
room temperature for a period of time vaiying according to the object 
of the test. 

After every germination test some of the conidia were transferred 
from the cover sHp to an agar slant to find out whether they had been 
killed or whether their germination had been merely inhibited. Mc- 
Callan {19) and MGCallan and Wilcoxon {20) do not mention this 
step, but it is important for the true evaluation of a fungicide. It is 
known that toxic materials in less than lethal doses or minor defi- 
ciencies in the environment may prevent spores from germinating. 
But failure of germination alone, without plasmolysis, is not a con- 
clusive proof of death, for if the spore is removed from the unfavorable 
environment and the toxic material absorbed is given an opportunity 
to diffuse into a medium containing practically none of it, germination 
may take place. The implications of such a result in the field use of 
sprays is obvious. Residues from which spores germinated after such 
a transfer have been designated “inhibitory.’^ 

It was inevitable that the investigator should form an impression of 
the quantity and tenacity of the residue while scraping off the un- 
wanted portion. This is presented with the data on germination. 
“Excellent” was used to describe a residue that seemed as heavy as 
when freshly prepared. Other terms were used with their usual 
connotations, “fair” meaning a barely continuous film over the glass 
and “poor” a residue with obvious defects. 
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A colorimetric method was employed to detect soluble copper on 
the bordeaux mixture residues and in the solution drops on the resi- 
dues. During the last 10 years a number of sensitive reagents for 
copper have been developed (8, 9, 12 ^ 13). The one used in this work 
is the sodium salt of nitroso-l, 8-dihydroxynaphthalene-3, 6-disul- 
phonic acid, discovered by Brenner {6), and adapted for the micro- 
determination of copper by CherbuUez and Ansbacher {9). The con- 
centrated stock solution of this compound, called ^^the chromo tropic 
reagent” by Ansbacher, Eemington, and Culp (^), diluted with an 
equal volume of distilled water, is to be understood in this work where 
treatment with chromo tropic solution is mentioned. Other chemicals 
scarcely affect the formation of the diagnostic colored compound 
formed on the addition of this solution to substances containing 
soluble copper, and the simplicity of the operations required com- 
mended it for the present purpose. The color is an intense purple, 
and because it is different from other colors generally encountered in 
plant cells, it is useful for the microscopic recognition of copper 
inside cells. 

Direct application of a drop of chromo tropic solution to a fresh, 
highly toxic copper-bearing residue invariably gives the characteristic 
purple color which is indicative of the soluble copper inherent in the 
residue. Generally a much deeper color is obtained if the residue is 
fii^t treated with the fumes of nitric acid, then wet with a drop of 
1 -percent ammoniiun hydroxide and allowed to dry. There is 
reason to believe that this treatment disengages the copper from cer- 
tain complexes and insoluble compounds in the residue which do not 
give the test before such treatment. This procedure is accordingly 
considered to yield a purple ^^spot”, the intensity of which is roughly 
proportional to the total amount of copper present. 

As has been mentioned, each 24- by 50-mm cover slip was broken 
into two pieces and duplicate germination tests were run. From one 
of these a transfer was made to an agar slant to see whether viable 
spores still remained. The other half was allowed to dry and was 
then treated with nitric acid, ammonia, and chromotropic solution, as 
desciihed above, and the intensity of the resulting purple spot was 
recorded. Values assigned to these intensities were as follows: 4, 
Indistinguishable from a freshly prepared sUp; 3, noticeably weaker 
than 4; 2, having a color roughly half as deep as that of 4; and 1, 
very faint. 

CHANGES IN TOXICITY, APPEARANCE, AND TOTAL COPPER OP 
BORDEAUX MIXTURE RESIDUES AFTER WEATHERING 

Table 1 presents one of a series of tests conducted with the methods 
just described. The cover slips were sprayed on August 7, 1933. 
Some were hung up in the fruit-disease orchard at Arlington farm, 
Rossl 3 ni, Va., and removed for tests after the indicated intervals. 
Others were stored in a closed box in the laboratory until August 18, 
when they were placed in holders in the same trees. They were also 
tested after intervals of exposure. The total number of days of 
orchard or laboratory exposure and the total rainfall for each sUp 
were recorded. The differences in effect of age without rainfall and 
of age combined with rainfall are shown. 
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Table 1. -^Changes in toxicity^ appeararicSy and total copper of hordeaux mixture 

residues after weathering 


Period of ex- 
posure 

Rainfall 

Incu- 

bation 

period 

Germination 

Growth after 

Appearance of resi- 

Amount 
of copper 
present 2 

Tn lab- 
oratory 

In or- 
chard 

transfer i 

due 

Days 

0 

0 

Days 

3 

Inches 

('b 

1 18 

Hours 

20 

None 

None - 


4 

5 

24 

! Pew buds •* 

None 

do 

4 

0 

7 

1 18 

24 

■ None 

Yes 

do 

4 

0 

11 

1 97 

20 

Few buds... 

Yes-- 

- do- - 

4 

2 

0 

17 

4 48 

23 

None - - . 

Yes 

Very good 

0 

J 1 

37 

10.72 

48 

20 

None 

Yes 

- . do 

2 

4 

(^) 

7 

0) 

.98 

None - 

None- 

Excellent 

35 

35 

24 

None— 

Yes 

do 

3 

11 

1 17 

24 

None 

Yes 

do 

4 

35 

18 

1 17 

20 

Few buds 

Yes 

do-_ 

3 

35 

21 

1. 41 

48 

do--- 

Yes 

Good 

3 


1 Due to activity of conidm inhibited, and not killed, by the treatment. 

2 Total amount of copper detei mined by exposing the remaining residue to nitric acid fumes, neutralizmg 
with ammonium hydroxide, and adding chromotropio solution to the remaining liquid. The figure 4 
represents the deepest color obtained with this method. 

2 None. 

^ The word “bud” mdicates the primordial geirri tube or the beginning of germination 


It is seen that field exposure and rainfall gradually lessened the 
toxicity of the spray dei)osits, as is usual with hordeaux mixture 
residues. The toxicity diniinished to the point where germination 
was checked but the conidia were not all killed, as evidenced by the 
fact that germination was resumed when the environment became 
favorable. That age alone did not lessen toxicity is proved by the 
tests with the slips stored in the laboratory. From these results it 
may be inferred that the copper compounds that imparted the 
original toxicity have been diluted or washed off, leaving others that 
could not be dissolved sufficiently to lull all the conidia. ^ It must be 
emphasized that at no time during the periods of weathering were the 
copper residues sufficiently free of available copper to allow free 
germination of the conidia. There was always sufficient available 
copper present to cause inhibition, at least; and that a portion of the 
original residue remained at the end of the weatheiing period was 
plain to the eye. 

It must be added that with the residues recorded as only inhibitory 
in table 1 many of the conidia were actually killed. Some of the 
conidia showed plasmolysis of the cell contents exactly as did those 
killed by relatively fresh residues. From this fact one would con- 
clude that the supply of available copper had not been evenly dis- 
tributed among the conidia. 

From these experiments the impression was gained that some of the 
copper was present in such a form as not to be available to the organ- 
isms and that the conidia have not the power to dissolve copper in 
this form. This was particularly evident in those experiments where 
the residues became scanty although the total copper present, if 
brought into solution by conidial secretions, should have been suffi- 
cient to be toxic to all the seeded conidia. 

The data presented in table 1 do not indicate the mechanism by 
which the injured conidia absorbed the copper. It is shown that, 
irrespective of the mechanism, a point is reached in the course of 



524 


Journal oj Agricultural Research 


Vol. 52, no 7 


prolonged weathering of the residue where, although copper is still 
present, its toxicity is low compared with that in an equal quantity 
of unw-eathered residue. 

Only lines 1 and 7 of table 1 relate to residues not exposed to rain- 
fall, and hence only these are comparable with the results of Barker 
and Gimingham (4) of McCallan (19). Their work consistently 
show'-s that fresh residues are directly toxic to spores, but they con- 
sidered that this was due to copper brought into solution by some 
solvent secreted by the spores themselves. The technique used by 
the writers could scarcely have prevented the conidia from exerting 
the same dissolving action, but the results of the experiments show 
that on the excessively weathered residues it must have been without 
effect. 

ABSORPTION OF AVAILABLE COPPER FROM SPRAY RESIDUES BY 
CONIDIA OF SCLEROTINIA FRUCTICOLA 

Experience in the application of the chromotropic solution to 
spray residues suggested its use to demonstrate the presence of copper 
inside conidia that had been exposed to copper ions. Trials demon- 
strated that the chromotropic solution diffused easily into conidia, 
showing its original yellow color when no copper was present and 
imparting a uniform purple color to the interior of those shown by 
collateral tests to have been affected by copper. So far efforts to 
demonstrate localized deposits of copper in the affected cells have 
failed. 

The experiments w^ere set up in exactly the same manner as de- 
scribed in the foregoing section, and the conidia were allowed to 
germinate over a 24-hour period. At the end of the incubation 
period a microloop of the chromo tropic solution was added to the 
conidial suspension in contact with the bordeaux residues. The 
treatment caused a deep purple color to appear upon the surface of 
the spray particles and in the solution surrounding the particles. 
When conidia killed by the copper in the residues were washed free 
of the treated residue and residue solution, microscopic examination 
showed the protoplasm stained a deep purple. When residues have 
been reduced in toxicity from long exposure and much washing by 
rain the conidia take the stain in varying degrees. Those that have 
become plasmolyzed become deeply stained, whereas those that have 
not become plasmolyzed, but the germination of which has been 
inhibited, appear unstained. Tests peiioimed with residues Imown 
to contain no copper did not show the color when treated with 
chromo tropic solution, whether or not the conidia bad been killed. 

The development and fixation of the purple color demonstrates the 
actual intake of copper by living cells. It is interesting that the 
copper fixed within the cells appeared to have the same power to 
react with the chi’omo tropic solution as that in the solution surround- 
ing the cells. From this it would seem that the copper may be fixed 
rather loosely in the plasma of the cell. On the other hand, conidia 
which have absorbed the copper during their growth activities have 
been subjected to lengthy periods of washing without lessening the 
density of the color inside the cells. Conidia as well as mycelium 
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killed prior to their contact with soluble copper readily absorb this 
material; but the copper is removed by washing. The copper is 
firmly fixed, once it is absorbed by living cells. 

The data presented in table 2 are from one of a series of tests made 
as described. Data on exposure, rainfall, and conidial germination 
were obtained as for table 1. At the end of the incubation period 
conidia were transferred from each of the treated cover slips to potato 
agar. Chromotropic solution was then added to each sfip and obser- 
vations were made of the presence of copper within the cells, in the 
suspension liquid, and on the particles of the spray residue. 

As indicated in table 2, scattered development of very short germ 
tubes, or buds,^ was noticed toward the end of the tests with bordeaux 
mixture, but the conidia are shown to have been killed notwith- 
standing. The cell contents of all gave positive reactions for copper. 
These residues also gave indications of considerable copper by the 
nitric acid test. The parallel tests of zinc-hme were included to show 
the absence of effect of the excess lime as mentioned on page 521. 
Zinc-hme is toxic to these conidia for a day or so, and it is beheved that 
the end of this period of toxicity indicates the change of alkalinity due 
to the change of lime in the residue to calcium carbonate. With 
zinc-lime residues no indications of the presence of copper were 
obtained in the conidia, in the solution, or on the spray particles. 

Table 2. — Presence of copper inside the conidia of Sclerotinia fnicticola and its 
effect on their subsequent growth after a 24 -hour incubation period 


Residue 

Days 

weath- 

ered 

Rainfall 

(total) 

Germi- 

nation 

Subsequent growth on 
potato agar 

Fixation of 
copper m 
cell con- 
tents i 

Zinc-lime 4-4-50 

1 

5 

8 
12 
16 1 
21 

1 

5 

S 

12 

15 

21 

Inches 
0.00 
.02 
.02 
. 17 
67 
1. 16 
.00 
.02 
.02 
.17 
.67 
1.16 

Percent 

0 

85 

97 
15 

98 
96 

0 

0 

(0 ; 
0) : 
0) I 
0) 

Excellent — 

do - 

do 

do 

None 

do - 

do — 

None. 

Do. 

Do. 

Do. 

Do. 

Do. 

Marked. 

Do. 

Do. 

Do. 

Do. 

Do. 

Bordeaux 2-4-50 

ikrrdozri"-'.!"-'..--” 


1 Based on depth of purple color in test spores following treatment with chromotropic solution. 

2 Pew buds (primordial germ tubes). 


The data in table 2 demonstrate the ability of the bordeaux residues 
to resist weathering and to furnish a continual supply of available 
copper. Not a great deal of precipitation occurred during the long 
period of exposure, and although at times sUght evidence of germina- 
tion was noted, the amount of available copper in the precipitates was 
not greatly diminished at any time during the test; this probably 
accounts for the greater toxicity of these residues as compared with 
those cited in table 1. 


* The term “bud” refers to the primordial germ tube, or beginning of the germ tube. 
60150— 3e 4 
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EFFECT OF CELL ACTIVITY 

In the work presented in table 1 it was noticed that after the residues 
had been subjected to a certain amount of weathering the conidia of 
a test suspension were not all affected ahke. The escape of a few 
when nearly all were killed and the killing of a few when nearly all 
escaped suggested that some conidia had taken up copper more readily 
than others, and the color produced in them by the chromotropic 
solution confirmed this. To find the cause of this variation the work 
presented in table 3 was undertaken. 


Table 3. — Effect of cell activity on the absorption of copper by the conidia of 
Sclerotinia fructicola 


Incuba- 

tion 

period 

(hours) 

Germina- 
tion of 
checks 

j 

Subsequent growth of checks 

Germina- 
tion of 
treated 
conidia 

Treated 
cells ab- 
sorbing 
copper 1 

Subsequent 
growth of 
treated 
conidia 

0 n 
1.0 

Percent 

0 

’RTOP.np.nt __ 

Percent 

Percent 


7 

do - 

0 

13 

Excellent. 

2 0 

25 

do 

n 

41 

Do 

3 0 

41 

do 

0 

65 

Do. 

4.5 

74 


0 

72 

None. 

23 5 

1 

SO 

do 

0 

80 

Do, 


1 Based upon the development of a purple color inside the test spores following treatment with chromo- 
tropic solution 


Two parallel series of germination tests were made. The cover slips 
in one series were without spray residue and were held as checks, 
whereas those in the other series were sprayed with bordeaux mixture 
and dried. AA were started together, and at definite intervals one 
cover slip of each series was examined for germination. After the per- 
centage of germinated conidia had been recorded, some of the conidia 
w^ere transferred from the check and the treated cover slips to potato 
agar. The remainder of the conidia in contact with the sj^ray residue 
were treated with chromotropic solution and examined under the 
microscope for evidence of copper absorption (table 3). 

It was observed that conidia taken from the sprayed slips near the 
end of the test did not show any subsequent growth, whereas those 
transferred earlier did. From the data on germination of the check 
conidia (column 2 of table 3) it is apparent that the number of conidia 
that germinated in the early part of the test corresponded rouglily with 
the number of spores that absorbed copper (column 5). It appears 
from this that those conidia that did not become active had not 
absorbed copper, since the chromo tropic solution did not stain their 
protoplasm, but they were capable of germination and growth when 
transferred to a suitable medium. 

To obtain further information on the relation of absorption to 
toxicity and to be sure that lack of absorption was not caused by a 
lack of soluble copper in contact with the conidia, the following experi- 
ments were conducted. Conidia from a string bean culture 8 days 
old were suspended in undiluted prune juice. This suspension was 
placed in the bottom of a beaker as a thin film so that germination or 
activity could proceed with an abundant supply of oxygen at room 
temperature. 
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At intervals drops of this suspension, which was of such density 
that about 50 conidia occupied a low-power objective field, were trans- 
ferred to glass shdes and an equal amount of a 2-percent copper sul- 
phate solution was added. Thus the final concentration of copper 
sulphate was 1 percent. After an absorption period of 30 minutes the 
conidia were washed free of the copper salt and nutrient medium and 
then treated with the chromotropic solution. Records were then 
made of the conidia colored by the chromo tropic solution and of germi- 
nation or lack of germination, and finally some of the treated cells were 
transferred to potato agar. The results, as indicated in table 4, 
clearly show that although sufficient copper ions were present to cause 
toxicity to all the conidia, nevertheless in the early stages of germina- 
tion many of the conidia did not absorb the copper ions. Absorption 
was correlated with germination activity, as is seen by comparing the 
percentage of conidia showing the color reaction and the percentage of 
germination in the check at the end of the same incubation periods. 
The observations clearly demonstrate that only those cells that become 
veiy active absorb the soluble copper. This was again apparent when 
some of the cells that had pushed out their primordial germ tubes and 
others that were obviously just beginning this process became deeply 
stained, while all the others, still dormant, remained unstained. As 
soon as all the conidia had become colored no subsequent gi’owth 
appeared in any of the transfers to nutrient potato agar. One cannot 
escape the conclusion that the coloration is an indication of the 
absorption of a lethal dose of copper. 

Table 4. — Absorption of copper ions, from a 1-percent solution of copper sulphaiCy 
by the conidia of Sclerotinia fructicola 


Time of test i 

Oomdia 

Check 

conidia 

germinat- 

ing 

Treated 
comdia 
colored * 

Subsequent growth of 
treated comdia 

Subsequent 
growth of 
check 
conidia 

193i 

Sept. 2S 

11 a m - 

Number 

69 

Number 

0 

1 

Number 

i 0 



12 m 1 

76 

12 

IS 

do 

Do 

1 p, m.. i 

53 

35 

41 

--do 

Do. 

2 p. m 

62 

62 

71 

62 

None 

Do. 

3 p. m ...j 

73 

73 

do 

Do. 

4p m 

70 

68 

70 

do - 

Do 

Sept. 29: 

9 20 a m 

62 

0 

0 

Excellent— 

Do. 

9 30 a m : 

56 

0 

10 

do— 

Do. 

9 50 a m 

62 

0 

14 1 

. do- 

Do. 

10 a. m ' 

75 

6 

21 

do 

Do. 

10 20 a. m 

69 

18 

31 

__ do _ _ 

Do. 

10.40 a. m 

71 

21 

36 

do 

Do. 





' 2 separate tests. 

2 Colored by the reaction of copper witb chromotropic solution. 


It is also apparent from the combined results of these experiments 
that not all the conidia began germination at the same time. In 
residues of bordeaux mixture, where the supply of soluble copper may 
become temporarily depleted, those conidia that start germination 
first may absorb a lethal quantity of the available copper, while those 
that start later may find the supply of this copper lowered to a point 
where only inhibition results. It is even possible that some conidia 
may escape entirely during this temporary depletion. It appears 
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from this that the available copper of bordeaux mixture is not readily 
or quickly replaced. These factors, therefore, may be responsible for 
the inhibitory but nonlethal effects of potentially fungicidal copper 
residues so frequently encoimtered under field conditions. As long 
as a suflficient residue^is present, these periods of depletion of available 
copper must in the main be onh^ transitoiy, since it has been found 
that a supply of available copper vdll begin to accumulate as soon as 
those factors causing removal of the available copper have ceased to 
operate. 

BEHAVIOR OP GERM TUBES IN CONTACT WITH BORDEAUX MIXTURE RESIDUES 

The procedure just described was also applied to conidia that had 
been incubated in a favorable medium until germ tubes had formed. 
In this way it was sought to compare the susceptibility of the germ 
tubes to the action of the spray residues udth that of the conidia before 
and during germination, and again to demonstrate the intake of 
copper by means of the chromotropic solution. 

In this part of the study two types of experiments w^ere conducted. 
In both sets the procedure was essentially the same,^ in that the 
conidia were germinated in dilute prune juice before their transfer to 
the bordeaux mixtm'e residues. 

The residues used in both of these experiments were not weathered 
in the orchard environment, but had been prepared and stored in the 
laboratoiy fuUy a month before their use. The excess lime at that 
time had become fuUy carbonated, as was demonstrated by tests with 
phenolphthalein. The residues used carried a good supply of available 
copper, as indicated by the reaction wdth chromotropic solution. 

In the first set of experiments the conidia were transferred directly 
without freeing them of any adhering metabohc and nutrient products, 
while in the second set the germinated conidia with their germ tubes 
were washed for 24 hours in tap water to free them from these ma- 
terials insofar as practicable before their transfer to the bordeaux 
mixture residues. 

In the first set of experiments, representative germ tubes were 
measured at the time of the transfers and again after certain intervals, 
depending upon the experiment. Some of the treated germinated 
conidia were tested with chromotropic solution and some were trans- 
ferred to a suitable culture medium. In this manner observations 
were conducted on absorption of copper by the germ tubes and its 
effect on their subsequent growdh. The results of such an experiment 
are presented in table 5. 

The measurements recorded show that W'hile the transfer had little 
effect upon the growdh of the control germ tubes, the growth of the 
others w^as stopped almost instantly when they came in contact with 
the bordeaux mixture residues. Their failure to grow when trans- 
ferred to a suitable medium indicated that the copper absorbed was 
lethal. 

The conidia and germ tubes that had been in contact with the 
residues showed a slight plasmolysis of the protoplasm and became 
colored a deep purple upon treatment with chromotropic solution. 
The distribution of the copper, as indicated by the purple color, was 
found to be uniform throughout the entire protoplasmic system. The 
ceU waUs appeared not to absorb or fix the copper. 
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Table 5. — Effect of absorption of copper by the germ tubes of conidia of Sclerotinia 
fructicola on the length growth of the tubes and on subsequent activity 



Cheek germ tubes 


Treated germ tubes 


Time of measurement ^ 

Length 

growth 

Subse- 

quent 

growth 

Length 

growth 

J Absorption of copper 2 

Subse- 
quent 
growth 3 

11 a. m 

r- 

129 

Excellent, 

108 

Some famtly colored 

Excellent. 

None. 

1 p. m 

138 

—do 

93 

Some well colored but most 

2 p m.. 

201 

...do 

86 

faintly colored 

Most well colored, some 

Do. 

3 30 p m 

194 

do 

108 

faintly. 

Most well colored 

Do. 

10.30 a, m. (foUowmg day)— 

720 

._.do 

108 

All well colored 

Do. 


1 Germinated conidia were transferred at 10 a m 

2 Based upon the depth of the purple color following treatment with chromotropic solution. 

3 Subsequent growth determined by transferrmg some of the cheek and some of the treated conidia, with 
their germ tubes, to potato hard agar slants 

In the second set of experiments the germinated conidia, with their 
attached germ tubes, as already stated, were washed for 24 hours 
before being transferred to the clean or to the residue-covered slips. 
This procedure was designed to prevent, as far as possible, the stahng 
products and nutritional materials from either increasing or lessening 
the quantity of available copper in the bordeaux-mixture residues. 
With such a treatment a small quantity of carbon dioxide might 
accumulate in the vicinity of each conidium, but it appears hardly 
likely that this amount could have any great influence. 

The germinated conidia were transferred from the washed suspen- 
sion to the clean or to the residue-covered slips. After intervals of 

hour, 1 hour, 4 hours, and 24 hours, some of the check and some of 
the treated organisms were transferred from the slips to potato hard 
agar to determine the toxic effects of the copper. At the same time 
the remainder were treated with chromotropic solution and examined 
for copper within the cells. 

The results showed that the available copper was absorbed by the 
germ tubes and conidia in lethal quantities during every period of 
contact with the residue. Thus the effect was even more pronounced 
than when the staling and nutritional products were not removed. 
The excellent growth of aU the untreated transfer's showed that the 
washing treatment was in no way deleterious. 

In the section just preceding it was shown that the absorption of 
copper by conidia took place at so early a stage of activity that no 
evidence of initial gerirdnation could be seen under the microscope, 
either in conidia that had already absorbed an injurious quantity of 
copper or in the controls that had been incubated for the same length 
of time. In the work just described it is shown that when conidia 
that are already germinating are placed in contact with a source of 
available copper they too are immediately killed, as is evidenced by 
the instant cessation of tube growth. 

DISCUSSION 

From the work reported in this paper it is evident that the residue 
is altered by exposure to weathering, since it then behaves somewhat 
differently from freshly formed residue. The work presented here 
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aslo shows that when this change has gone so far that sufficient 
quantities of available copper are not present the application of 
additional sprays to maintain continuous protection is required. ^ The 
changed behavior indicates that some form of copper present in the 
beginning is not present at the end of prolonged weathering and that 
the forms of copper that remam are not able to maintain the original 
high concentration in the solution in contact with them. 

The proportion of highly soluble copper in the fresh deposit and the 
rapidity vith which it can be exhausted by washing remain to be de- 
termined. Trom this work it appears that the amount is not large 
and that the appearance of the residue does not give warrdng of its 
depletion. As weathering progresses, an mcreasing proportion of the 
conidia seeded upon the residue retain their viability, although ger- 
mination is prevented. 

It must be emphasized, therefore, that the bordeau mixture residues 
which are commonly applied to plants and which have been found to 
be injurious to many of them, according to the environmental condi- 
tions encountered, are toxic to many of the fungus spores which come 
in contact with them from the moment they are applied. These 
experiments have clearly shown the re^ons for this, and it appears 
certain that the vagrant fungus conidia that fall on these residues 
come in contact with sufficient available copper to cause toxicity, 
provided the residues are not unduly washed or depleted. 

Other evidence m regard to the availability or nonavailability of 
the copper of spray residues is found in the results of tests with the 
chromotropic solution. The direct application of this reagent gives a 
color the depth of which is roughly proportional to the toxicity as 
determined in the usual way. 

The adherence of most of the residue is shown to be quite satis- 
factory. Although after 5 days the seeded spores showed themselves 
able to germinate after transfer (table 1), the residues continued to 
prevent germination during 37 days in spite of the number of heavy 
rains. In table 2, on the other hand, no growth was recorded after 
transfer on bordeaux mixture residues weathered for 21 days. This 
is attributed to the fact that decidedly less rain feU during the course 
of this experiment, and vety httle dining the first 12 days (table 2). 
It also suggests that the foliage injury which often follows long periods 
of fog, heavy dew, or showers may be caused by the maintenance of a 
copper solution upon the leaves. 

It has been observed repeatedly that the absorption of copper 
takes place only in cells that become active and not in those that are 
dormant or inactive. This has been very well shown in the experi- 
ments. ^ The results obtained with cells washed relatively free of their 
metabolic products clearly demonstrate that such cells are capable of 
absorbing directly from bordeaux mixture residues a form of copper 
causing a lethal effect. These copper materials, when in rather low 
concentrations, were found to be only inhibitory in effect. 

The mechanism of the lethal effect has not been clearly worked out. 
It is certain that the copper becomes dispersed tbuoughout the 
protoplasnadc mass, for the color produced when the loosely combined 
soluble copper reacts with the chromotropic molecule is eveffiy dis- 
tributed. These experiments show that inactivation follows the 
absorption of the copper and that the activity of the cell menstruum 
is responsible for the intake of the copper ions. It has also been 
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observed that the reaction of the copper ions with the cell menstruum 
is a permanent one, for after the death of the cells no amount of wash- 
ing frees the injured cells of the copper that has been absorbed. 
Nevertheless the copper is not so jOirnily bound in its combination 
with the elements of the cytoplasm as to prevent its usual response 
to treatment with the chromo tropic solution. 

It has been the constant experience of the writers that at times the 
amount of copper in solution is only of such magnitude as to cause 
inhibition. The study of inhibition is an interesting one, since it 
must take into consideration an entirely different set of conditions 
from those that obtain with the active cell. It is difficult to under- 
stand the phenomenon of inhibition when the theory of toxicity is 
applied to it, except as something different in kind as well as in degree 
from toxicity. 

While these studies offer a satisfactory explanation of the effect 
of the available copper of bordeaux mixture residues on sensitive 
organisms, they do not attempt to define those systems concerned 
with organisms apparently resistant to copper. Such systems reqiure 
special study. 

SUMMARY AND CONCLUSIONS 

A study is presented in this paper of the effect on the conidia of 
Sclerotinia fructicola (Wint.) Rehm of the available copper inherent 
in the residues of bordeaux mixtm'e that have been exposed to weather- 
ing and aging. 

This study also includes the effect on germinated conidia of Sclero- 
tinia fructicola of the available copper inherent in the residues of bor- 
deaux mixture that have been aged in the laboratory. 

A new procedure, namely, exposm^e of the residues to the environ- 
ment of the host plants, has been added to the usual methods of 
estimating the effect of fungicides. This method furnishes a means 
of weathering residues of fungicides under the same environmental 
conditions as those which affect the spray residues on the host plants. 

As a further precaution in the proper evaluation of the effects of 
fungicides on fungus spores, some of the test spores were transferred 
to a suitable nutrient medium in order to determine whether the effect 
of the test materials was toxic or merely inhibitoiy. 

It has been determined, confirming the work of others, that the 
soluble copper inherent in the precipitates of the residues of bordeaux 
mixture is in the proportion of at least four parts per million by volume 
of the original mixture. 

The soluble copper in residues, in solution, and in the protoplasm 
of affected conidia has been detected by the use of a yery sensitive 
reagent, namely, the sodium salt of nitroso-chi'omotropic acid, which 
is known as the chromotropic solution.” 

It has been demonstrated that the copper of the residues of bordeaux 
mixture is absorbed by the conidia of Sclerotinia fructicola^ causing 
death or inhibition according to the amount of copper available. 

The absorption of the copper by the conidia from the residues of 
bordeaux mixture is correlated with the initiation of activity, and cells 
that remain dormant or are delayed in their activity do not absorb 
copper. 

Conidia of Sclerotinia fructicola have been found to be inhibited in 
their growth when the supply of copper has not been quite sufficient 
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to cause toxicity. These inhibited conidia readily become active when 
transferred to a suitable culture medium. 

It is indicated that where the quantity of soluble copper in a de- 
pleted residue is small, it may be exhausted by absorption into the 
conidia that begin their activity first, and that conidia that become 
active later escape the injurious effect. 

When actively growing conidia were transferred to an aged bordeaux 
mixture residue, but one in which the inherent soluble copper had not 
been depleted, both the conidial and attached germ-tube cells absorbed 
the copper with lethal effects. 

The absorption of the lethal dose of soluble copper from aged resi- 
dues by the germ tubes of the conidia of Sclerotinia jructicola was 
found to cause an immediate cessation of germ-tube elongation. 

The soluble copper that is absorbed by the conidia and germ tubes 
has been found to be distributed evenly throughout the protoplasmic 
mass, which stains purple when treated with chromotropic solution. 

The color that is formed by the combination of chromotropic solu- 
tion with the copper absorbed in the cells has been found to be similar 
to that which simple copper ions form with chromotropic solution in 
vitrO; 

It is concluded that in freshly deposited bordeaux mixture residues 
there is present a component bearing available copper which ds ex- 
hausted by washing with rains but not by aging. After it is lost, 
conidia that come to rest in contact with the residue are inhibited 
in germination but are not killed, and can germinate freely when 
removed from this contact. While it is still present, conidia take up 
copper before any -vdsible evidence of vital activity is observed. From 
this it appears that the conidial cells are not capable of secreting a 
substance which will dissolve the inert copper of these was&d 
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INHERITANCE OF CHLAMYDOSPORE CHARACTERISTICS 
IN OAT SMUT FUNGI ‘ 

By C. S. Holton " 

Agents Division of Cereal Crops and Diseases^ Bureau of Plant Industry^ United 
States Department of Agriculture 

INTRODUCTION 

The nature of inheritance in the smut fungi has been the subject of 
rather extensive investigations in recent years. Primary emphasis in 
these investigations has been placed on a study of the segregation of 
factors for sex and cultural characters, whereas httle has been done 
towards determining the nature of inheritance of chlamydospore 
characteristics. In previous reports ^ the writer has presented 
preliminary evidence to show that certain chlamydospore characteris- 
tics in the oat smut fungi are inherited according to the Mendehan 
law of segregation and recombination. Results are now available 
from more extensive investigations and are here reported. 

MATERIAIi AND METHODS 

Loose smut of oats, Ustilago avenae (Pers.) Jens., covered smut of 
oats, U. lems (Kell, and Sw ) Magn., and the ‘Tuff smut^^ fungus^ 
were used in these studies. They; hybridize readily, and their 
respective chlamydospore characteristics are morphologically dis- 
tinct. U, avenae has echinulate brown chlamydospores; U. levis has 
smooth brown chlamydospores; and the buff smut fungus has smooth 
hyaline chlamydospores. In hybrids betw'een these species, there- 
fore, it is possible to study the nature of segregation and recombina- 
tion of factors for chlamydospore markings and color both in single 
and in double factor pairs. 

Hybrid material wns obtained by inoculating 25 oat seedlings 
(Avena saliva L.) with crosses between monosporidial hnes of Ustilago 
levis and the buff smut fungus, between TJ. levis and U. avenae^ and 
between U. avenae and the buff smut fungus. The ratios in the F 2 
segregations were determined on the basis of types of individuals 
(chlamydospores) produced by inoculating with Fi chlamydospores 
or with crosses between Fi monosporidial lines. The observed 
distribution of the F 2 populations of all hybrids w^as compared with the 
expected distribution and tested by Fisher's foimula for testing 

goodness of fit, 
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EXPERIMENTAL DATA 

USTILAGO LEVIS X BUFF SMUT 

In hybrids between Ustllago levis (chlamydospores browm) and the 
buff smut fxmgus (chlamydospores hyaline) the Fi chlamydospores 
were broMm, indicating dominance of the factor for brown. In these 
hybrids approximately 50 percent of the Fi sporidia were viable. 
Two or more monosporidial lines were obtained from each of 8 Pi 
chlamydospores, gi^dng a total of 22 , and these Fi monosporidial lines 
were crossed in all sexually compatible combinations to obtain the 
F 2 generation. 

As indicated in table 1 , the F 2 population was distributed into two 
classes. In four of the chlamydospores (45, 47, 49, and 57) segrega- 
tion for sex occmTed in the first division while in the other four (50, 
53, 54, and 55) segregation for sex occurred in the second division of 
the diploid nucleus. In aU. the Pi chlamydospores, except 49 and 54, 
segregation for color occurred in the second division of the diploid 
nucleus. In chlamydospores 45, 47, 54, and 57 segregation for sex 
and color occurred in separate nuclear divisions, wMe in chlamydo- 
spores 50, 53, and 55 segregation for sex and color occurred in the 
same (second) di\usion of the diploid nucleus. It is therefore evident 
(table 1 ) that the F 2 population of these seven chlamydospores was 
distributed into two classes in a 3:1 ratio. In chlamydospore 49, 
however, segregation for sex and color occurred in the first division 
of the diploid nucleus, and consequently the P 2 population of this 
spore was brovm. Nevertheless, segregation for color and sex oc- 
curred in the F 2 of this spore in such a way as to produce brown and 
hyaline spores in the F 3 . On the basis of these data it is apparent 
that the F 2 distribution of color in Ustilago levis X buff smut hybrids 
is in a simple 3:1 ratio. 


Table 1. — Segregation of factors for color 1 and sex in eight chlamydospores of a 
Ustilago levis X huff sinut hybrid 


Fi 


Chlamy do- 
spore no.2 
and genotype 


Spo- 

ndi- 

um 

no. 


5 {Bh). 
47 {Bh). 

49 {Bh). 
57 {Bb). 


1 

2 

3 

4 
1 
2 

3 

4 
1 
2 

3 

4 
1 
2 

3 

4 



Fa 

Sex 3 

Gam- 

etes 

Geno- 

typQ 

Ratio 

+ 

b 

BB 


+ 

B 

Bb 

1:2.1 

— 

b 

Bb 

— 

B 

bb 


+ 

b 

BB 


+ 

B 

Bb 

■ 1:2:1 


B 

Bb 

— 

b 

bb 


+ 

b 

Bb 


+ 

b 

Bb 

■ 4:0 

— 

B 

Bb 

— 

B 

Bb 


+ 

b 

BB 


+ 

B 

b 

Bb 

Bb 

1:2:1 


B 

bb 



Fi 

F2 

Chlamydo- 
spore no. 2 
and genotype 

Spo- 

ridi- 

um 

no. 

Sex 3 

Gam- 

etes 

Geno- 

type 

Ratio 



1 

-f 

B 

BB 


50 {Bb) 


2 

3 


b 

Bb 

Bb 

■ 1:2.1 



-f 

b 



4 


B 

bb 




' 1 

+ 

b 

BB 


53 (B6) 


2 i 

3 


B 

Bb 

Bb 

■ 1-2 1 




b 




4 

+ 

B 

bb 




1 

+ 

B 

BB 


54 {Bb) 


2 


B 

Bb 

Bb 

■ 1:2:1 



3 

+ 

h 



4 


h 

bb 




1 

+ 

b 

I BB 


55 {Bb) 


2 



Bb 
i Bb 

■ 1:2:1 



3 


b 



4 

+ 

B 

bb 



1 The factor for brown, carried by XJ. levis^ is represented by B, and the factor for hyEdineness, carried by 
the buff smut, is represented by 6. 

2 Numbers assigned to the chlamydospores from which smgle sporidia were isolated. 

* Plus (+) and minus (— ) signs mdieate sporidia of opi>osite sex. 
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The advantage of using crosses between Fi monosporidial lines for 
determining the class distribution of the F 2 population is ob\dou 3 . 
This advantage is lost, however, unless two or more Fi sporidia can 
be obtained from each promycelium. This was possible only in the 
Ustilago levis X buff smut hybrids. It^ therefore became necessary 
to use Fi chlamydospores of other hybrids for inoculum in order to 
obtain an F 2 population. To test the dependabihty of this method 
of determining the F 2 distribution, an F 2 population of the U. 
lenis X buff smut hybrid, the F 2 distribution of which had previously 
been determined by inoculating vith crosses between Fi mono- 
sporidial lines, was obtained by inoculating with Fj chlamydospores. 
By using each smutted panicle as an individual ® the class distribu- 
tion was determined. The F 2 population of 1,078 indmduals (smut- 
ted panicles) was distributed into two classes, as showm in table 2. 


Table 2 . — Segregation for color in the F 2 of the hybrid Ustilago levis X buff smut 


Color 

F 2 mdivTiduals 

Observed 

Expected 

Brown (chlamydospores brown) 

Number 
826 
252 j 

Number 

809 

269 

Buff (chlamydospores hyaline) 

Total - - - 

1, 078 ! 

1,078 



These data are in close agreement with the expected 3:1 ratio 
(P=0.24) and serve to indicate the dependability of this method for 
determining the nature of segregation and recombination of factors 
for chlamydospore characteristics in oat smut hybrids. 

USTILAGO AVENAE X U. LEVIS 

In hybrids between Ustilago avenae (chlamydospores echinulate) 
and U. levis (chlamydospores smooth) the Fi chlamydospores 
were echinulate, indicating dominance of the factor for echinulate 
spore walls over the factor for smooth spore walls. The F 2 popula- 
tion was obtained by inoculating with Fi chlamydospores, and the 
235 individuals (smutted panicles of the F 2 ) were distributed into 
two classes, as shown in table 3. 

Table 3 . — Segregation for smoothness in the F 2 of the hybrid Ustilago avenae X 

?7. levis 


Character 

r 2 individuals 

Observed 

Expected 

1 

Echinulate- __ - 

Number 

185 

50 

Number 

176 

59 

Smooth- - 

Total - 

236 

235 



« The panicle rather than the plant was used as the unit because both types were sometimes found on 
the same plant but in separate panicles. 
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These figures are adaptable to a theoretical ratio for the F 2 of a 
cross involving a single-factor difference (P=0.18). Apparently, 
then, the distribution of the F. population into echinulate and srnooth 
chlamydospore classes in U, avenae X U. levis hybrids is on a simple 
3:1 basis. 

USTILAGO AVENAE X BUFF SMUT 

In hybrids between Ustilago amnae and the buff smut fungus two 
character pairs are involved, viz, chlamydospore markings and color. 
Taken separately, as in U. avenae X U. levis and U. levis X buff smut 
hybrids, respectively, these character pairs give a 3 :1 ratio. There- 
fore, in U. avenae X buff smut hybrids it might be expected that the 
typical dihybrid ratio 9:3:3:1 would be obtained. This, however, 
is not the case. The Fo population, which was obtained by inoculating 
vith Fi chlamydospores, was distributed into three of the four expected 
classes, as shovn in table 4. 

Table 4. — Segregation for color and smoothness in the Fa of the hybrid Ustilago 
avenae X huff smut 



F 2 mdividuals 

Characters 


1 

Observed 

Expected i 

1 

Brown echinulate 

Brown smooth j 

Hyaline echinulate 

Hyaline smooth 

Xumber 

499 

175 

0 

199 

Xumber 

490 

164 

164 

55 

Total brown i 

674 

654 

Total hvalme 

199 

219 


' Total echinulate i 

499 

654 

Total smooth i 

374 

219 


Total individuals 

873 

873 



1 On the basis of the 3 classes into which the Fs population was actually distributed, the expected numbers 
are as follows. Brown echinulate, 490, brown smooth, 164, hyaline smooth, 219. 

If the double recessive class, hyaline smooth, had appeared in the 
expected proportion it might have been logical to attribute the absence 
of the hyaline echinulate class to lethal factors. However, there were 
almost four times as many smooth hyaline individuals as were expect- 
ed, and the total number of hyaline individuals, as a class, was about 
equal to the number that was expected, on a 9:3:3:1 basis. In 
other words, considering the single-factor pair for color independently, 
the 873 Fo individuals were distributed into two classes, brown and 
hyaline (table 4). The observed distribution is vdtliin the theoretical 
hmits of a 3 : 1 ratio (P=0.16). The fact that all of the hyahne indi- 
viduals had smooth walls seems to indicate that the expression of 
echinulation in the hyahne chlamydospores is suppressed. Further- 
more, considering the single-factor pair for chlamydospore markings, 
the 873 F 2 individuals were distributed into two classes, echinulate and 
smooth (table 4). 

Obviously, this observed distribution does not agree with the expect- 
ed distribution, on a 3: 1 basis, because of the absence of the hyaline 
echinulate class (jP<C0.0r). However, on the assumption that expres- 
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sion of echinulation is suppressed in hyaline spores, the observed 
distribution of ecbinulate and smooth chlamydospores shovui in 
table 4 is about what would have been expected. 

If, on the other hand, hyaline ecbinulate spores had been produced 
in the proper proportion for a 9 : 3 : 3 :1 ratio, then the Fo population 
would have been distributed into two classes, as shovui in table 5. 

Table 5. — Hypothetical distribution of F2 population of hybrid Vslilago avenne 

X buff smut 


Character 

r 2 individuals 

Assumed 
ds observed 

Expected 

Echinulate 

Number 

663 

210 

Number 

654 

219 

Smooth -- 

Total 

873 

873 



It is evident that the distribution assumed as observed of the F 2 
population into ecbinulate and smooth classes, based on the assump- 
tion that hyaline ecbinulate individuals did occur in the expected 
proportion for a 9:3: 3:1 ratio, is agreeable with the expected 
distribution for a 3:1 ratio (F=0,48). Apparently, then, there 
is reason to assume the presence of an inhibitor which prevents the 
expression of the factor for echinulation in the hyaline spores of the 
buff smut fungus. If this is true, it would be expected that the Fo 
population of Ustilago avenae X buff smut hybrids v^ould be distributed 
in proper proportions for a 9:3:4 ratio. The 873 individuals of this 
cross were distributed into three classes, brown ecbinulate, brown 
smooth, and hyaline smooth (table 4). 

That the distribution of the F 2 population of the Ustilago auenae 
X buff smut hybrid is in agreement with the expected distribution 
for a 9 :3 :4 ratio (P=0.26) seems to justify the assumption that an 
inhibitor is present which suppresses echinulation in the hyaline 
chlamydospores. If the inhibitor hypothesis is correct, then half 
of the hyaline gametes w^ould carry the factor for echinulation and 
should produce ecbinulate brown "Fi chlamydospores w’^hen crossed 
with U. levis. Crosses of this type, which would be final proof for 
the inhibitor hypothesis, have not as yet been made. 

SUMMARY 

The factor for browm is dominant over the factor for hyaline chlamy- 
dospores in hybrids between covered smut of oats, Ustilago levis 
(chlamydospores brown, smooth), and the buff smut fungus (chlamy- 
dospores hyaline, smooth), and the distribution of the F 2 population 
is on a simple 3 : 1 basis 

The factor for ecbinulate spore walls is dominant over the factor 
for smooth spore w^aUs in hybrids between loose smut of oats, Ustilago 
avenae (chlamydospores echinulate), and covered smut of oats, 
U, levis (chlamydospores smooth), and the Yi population of eehinu- 
late and smooth chlamydospores w^as distributed on a 3 :1 basis. 
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In hybrids between Ustilago avenae (chlamydospores brown, 
echinulate) and the buff smut fungus (chlamydospores hyaline, 
smooth) factors for echinulation and brown are dominant over factors 
for smoothness and hyalmeness, respectively. The F 2 population was 
distributed into echinulate brown, smooth brown, and smooth hya- 
line classes in a 9:3:4 ratio. The evidence seenis to indicate that 
the presence of an inhibitor prevents the expression of echinulation 
in the hyaline chlamydospores of the buff: smut fungus. 



PENETRATION OF TRICHODERMA LIGNORUM INTO 
SAPWOOD OF PINUS TAEDA ' 

By Mae Spradling - 

Assisinrit scientific aide, Division of Forest Pathology, Bmean of Plant Industry 
(Jnited States Depaitment of Agn cult a re 

INTRODUCTION 

Tuchodenna Ugnorum (Tode) Harz is tlie most conunon mold 
found growing on the unseasoned sapwood of pine. During warm, 
humid weather and imder improper methods of seasoning, the sap- 
wood surfaces of some species may be partially covered by tiiis fungus 
within a few days after sa\Hng. In general, lumbermen disregard 
the presence of this fungus because they consider it a superficial 
growth causing only a surface discoloration which disappears after 
the lumber is seasoned. So far as the writer knows no experimental 
data have been published which show that Trichodertna Ugnorum 
penetrates wood. Gerry," however, showed that five other wood- 
inhabiting molds penetrated both hardwoods and softwoods. Falck-^ 
stated that water-stored wood is often attacked to a certain degree 
by the so-called green ‘‘Holzschimmer’ {Trichodertna Ugnorum). He 
also stated that tliis mold may spread very rapidly over the outer 
surface and to the interior of the wet wood without influencing the 
strength of the wood. 

Tydehoderma has frequently been isolated by the writer from the 
interior of wood, indicating that it is more than a superficial growth 
on the wood. The following experiments were therefore undertaken 
to determine the extent and rapidity at wliich Trichoderrna Ugnorum 
would grow through the sapwood of loblolly pine (P'inus taeda L ). 
The first results obtained ^vere sufficient to prove that the fimgus 
penetrates steam-sterilized wood rapidly. Subsequent investigations 
were made to determine the effect of steam sterilization on the sus- 
ceptibility of the wood to the invasion of the fungus, and the part 
played by the moisture content of the wood. 

EXPERIMENTAL DATA 

METHODS 

Five strains of Trichoderrna Ugnorum were isolated by the spore- 
dilution method from southern yellow pine chips collected in mill yards 
in Mississippi and Louisiana. The cellulose-dissolving ability of 
these strains was tested on McBeth and Scales’ cellulose agar.^ The 
strain that cleared the agar most rapidly (no. 5) and the strain that 

1 Received for publication Dec 2, 1935; issued April 1936 In cooperation with the Forest Products 
Laboratory, Forest Service, U S. Department of Agriculture 

- The writer wishes to express her appreciation to C. A, Richards, Carl Hartley, R M Lindgren, and 
other members of the Division of Forest Pathology for helpful suggestions received during the investigation 
repoi ted m this paper 

- Gerra% E fi^e molds axd their penetration into wood Jour Agr. Research 26* 219-229, illus, 
1923 

^ FALCK, R UEPER den EINFLrSS DES FLOSSENS AUF DIE ’VSUDERSTAINDSFAHIGKEIT DES PAUHOLZES 
GEGEN TROCKENFaELE TjND CHER DEN HOLZSCHX^TZ DURCH SCHIMMELPEFALL IND DIFFirSlONSTRANKrNG. 
Vlitt Forst u Fnrstwiss. 11 4S0-4S5, lUus 1931 

0 McBeth, I G , and Scales, F, M. the destruction of cetlulose by bacteria and filamentous 
FUNGI. CJ. 3 Dept Agr., Bui’. Plant Indus. Bull. 266: 27-28 1913. 
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did not clear it within 10 days after inoculation (no. 3j were selected 
for use in the penetration studies. 

Experimental blocks, 2 by 2 by 2 inches, were quarter-sawed from 
the sapwood of the Pinus taeda logs collected in Louisiana and Florida. 
The wood was free from infection, the rate of growth was medium 
(from 4:^2 to 6 annual rings per inch), and the grain was fairly straight. 
The ends of the freshly cut logs had been treated with ethyl merciuic 
chloride and painted with filled hardened gloss oil to prevent invasion 
of fungi and loss of moisture. 

Blocks in one group were selected at random and steamed for 30 
minutes at 100*^ C. (atmospheric pressure). Blocks in another group 

were selected so that 
those steamed for 30 
minutes at 121'^ (15 
pounds pressure) 
could be compared 
with longitudinally 
and tangentially 
matched unsteamed 
blocks. In a third 
group, blocks ^ were 
steamed 30 minutes 
at 100® and compared 
with others that had 
been steamed 30 min- 
utes at 121® and also 
with unsteamed 
blocks Figure 1 
shows how the blocks 
were selected. 

To prevent Tricho- 
derrna from entering 
any side of the block 
except the one upon 
which the inoculation 
was to be made, all 
sides except that one 
were dipped in a hot 
bath of paraffin 
(about 100® C.) and 
held for 15 seconds, then immediately transferred to a cooler paraflBn 
bath (about 60° j for 30 seconds. The object of the first pai'affin bath 
was to penetrate the surface of the block sufficiently to hold the 
thicker paraffin film formed in the second bath. 

The blocks were placed in sterile glass jars, 5 by 5 by 10 inches, 
containing 35 cc of distilled water They were prevented from coming 
into direct contact with the water by means of glass supports. A layer 
of cotton was placed between the glass stopper and the rim of the jar. 

As soon as the steamed blocks were cool they were inoculated with 
approximately 0.2 cc of a heavy spore suspension of Trichoderina 
lignorum placed on the center of the unparaffined side of each block. 
They were then incubated at from 25® to 30® C. for different periods. 

At the end of the incubation period small cubes which were to be 
sectioned for microscopical examination were sawed from the inocu- 



Figure 1.— Diagram showing how 2-iiich cubes were cut from the log 
Not shaded (1, 5, not steamed; lightly shaded (2, 6, 7), steamed 
SOmmutes at 100° C., heavily shaded (3, 4, 8), steamed 30 minutes 
at 121°. 
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lated blocks (fig. 2). These cubes were boiled 15 roinutes in distilled 
water and preserved in a 50-50 glycerin-alcohol mbcture. From 10 
to 20 radial sections SO/x thick were then taken from the cubes and 
examined under the microscope for the presence and depth of penetra- 
tion of Trichodermn mycelium. The sections were stained 15 minutes 
in Pianeze III b,® dehydi^ated with alcohol, cleared with a solution of 
carbol-turpentine, treated with xylol, and mounted in Canada balsam. 

Moisture determinations " of the wood were made at the end of 
the incubation period . The moisture samples consisted of a tangential 
and a radial side w^hich remained after the center was removed from 
the 2-inch cube (fig. 2). 

RESULTS 

The rate and extent of penetration of Trichoderma lignorurn^ strains 
nos, 3 and 5, into Pinus taeda sapwmod that had been steamed 30 
minutes at 100*^ C. are recorded in table 1. At the end of 72 hours 
both strains of the fungus had 
penetrated a 2-inch block which 
had been inoculated on the tan- 
gential side. At the end of 60 
hours, strain no. 5 had penetrated 
a block inoculated on the trans- 
verse side, while strain no. 3 had 
penetrated only three-fourths of 
that distance. 

The mycelium was present in 
the ray parenchyma cells, ray 
tracheids, ‘wood tracheids, and 
resin ducts. The hyphae were 
most abimdant in the ray parenchyma and wood tracheids (fig. 3). 
This was true for both strains. No evidence of direct penetration 
was seen. The mycelium appeared to pass through the natural 
openings. 

Table 1 — Rate of penetrahon of Trichoderyna lignorurn into Pinus taeda sapivood 
steamed 30 minutes at 100° C. 



FiGXTRE 2.— Method of cutting blocks inoculated 
with Trichoder-ma in preparation for sectioning. 


Incubation period 
(hours) 

Strain 

no. 

Distance penetrated 

1 Incubation period 
(hours) 

1 

strain 

no. 

Distance penetrated 


Radially 

Longitu- 

dinally 

24 

{ 1 
{ li 

Inches 

0) 

0) 

0. 19 
06 

Inches 

0.00 

00 

1 06 
63 

1 

, 60 

{ 1 
{ I 

Inches 

0 88 

1 88 

2 00 

2 00 

Inches 

1 50 

2 00 

4S 

il 72 


'! 


^ Less than 0 00 inch 


The possibility that the rapidity of penetration was due to a change 
in the wood brought about by steaming was investigated. Longi- 
tudinally and tangentially matched steamed and imsteamed blocks 


6 Vaughan, R. E. a method for the diffesentul staining of fungovs and host cells Arm. 
Mo Bot. Gard. 1: 241-242 1914. 

. j / Original weight— oven-dry weightX 

■ Expressed as (— S oven-dry Weight —) 
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were inoculated with Trlchodermn llgnorurn^ strain no. 5. The results 
' tables 2 and 3) show that steaming wood does affect the rate of pene- 
tration by Trichoderma. The average distance penetrated longitu- 
dinally by Trichoderma in 20 steamed 2-inch cubes in 60 hours was 
1.71 inches (table 2), while the average distance penetrated in 20 
matched unsteamed cubes was 0.45 inch. 



Figure .‘5 Pliotomicrograph showing Trichoderma mycelium in wood tracheids and ray parenchyma cells 
of Finns taeda sapwood X 1H5. 

The relative effect of steaming for 30 minutes at 100° or 121° C. 
may be seen in table 3. The results indicate that the difference in 
temperature caused no significant difference in the rate of penetra- 
tion by Trichoderma. The fungus penetrated 1.71 inches into wood 
steamed at 100°, and 1,63 inches into wood steamed at 121°, 
Dui*ing the same period the fungus penetrated only 0.4 inch into the 
iinsteamed wood. 
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Table 2. — Effect of steaming {at 1^1° C. for 30 minutes) on the longitudinal penc- 
il ation of Trichodenna lignormn into sapivood of Piuus iaeda in 60 hours 


U nsteamed wood ' i Steamed wood 


2-mch cube no 

. 

Mois- 

ture 

1 ! 1 

Distance . ! Mri- 

pene- 2-mch cube no ' 1 

trated ! , 1 

Dl^t mce 
pene- 
trated 


Percent 

Inch ' 

, ' Percent 

Inches 

1 ... 

SO 8 

0 50 

1 2 . 1 as. 1 

1 75 

4 

97 6 

.38 1 

1 3... 77 S 

1 SS 


SI 3 

.44 

1 6 1 6^ 7 

1 ss 

S 

84 1 

50 

1 7 1 65 0 

1 50 

9 . 

S2 6 

.50 

1 10 64 6 


12 

83 4 



1. 94 

13 .... 

78 1 

44 

14 1 67 4 

] 69 

16 ... 

94 2 

.44 

1 15 j 72 3 

1 94 

17 . . . . 

89 5 1 


1 IS... 1 77 8 

2. (KJ 

20 

95 8 

M 


1 81 

21 

86 8 

50 


1 88 

24 . - - 

77 0 

38 

1 23 1 66 6 

1 56 

25 

86 0 

31 

1 26- - . . 1 70 2 

1 50 

2S 

90 6 

' 56 1 

27 ! 66 6 

1 1 SI 

29 

, 90 4 

: 50 

30 - ' 108,2 

1 1 75 

32 - . 

, 112 6 

25 

31 .1 97.0 ' 

1 5<) 

33 - 

' 95 2 

44 

1 34 i 77 4 i 

1 75 

36 - 

1 98 9 

50 

35 87.7 

1.50 

37 

96 4 

.44 

38 t 78 2 

1.31 

40 - 

106 2 

.38 

39 79.1 

1 50 

Average 

' 90 4 

.45 

.Average 753 

' 171 


ll 


Table 3. — Effect of steaming {at 100^ and 121° C. for 30 minutes) on the longi- 
tudinal penetration of Trichodenna lignorum into sapwood of Plnus iaeda in 
60 hours 


Unsteamed ood 

Wood steamed at 100® C 

Wood steamed at 121® C 

2-mch cube no 

Mois- 

ture 

Distance 

pene- 

trated 

2'inch cube no 

Mois- 

ture 

Distance 

pene- 

trated 

2-mch cube no 

Mois- 

ture 

Distance 

pene- 

trated 

1 - - 

Percent 
104 3 
118 4 
117 3 
111,0 
108,9 
104.6 
107 6 
104 6 1 
92 4 

Inch 

0.31 

31 

.44 

.44 

1 .38 

44 
.50 
.38 
.38 

1 

! ■> 

Percent 
100 1 
101,5 
93.1 
101 8 
102 3 
93 7 : 
97.7 
89 2 
81.3 

Inches 

1 69 

1 SS 

1 56 

1 75 

2 00 
1.50 

1 94 

1 56 

1 50 

3 

Percent 

81.9 

93.2 

52 5 
94 9 
88 7 
88. 1) 
S6 2 

53 4 
77 4 

Inches 

1 50 
1 38 
1 94 
1 75 
1 50 
1 94 

1 1 75 

1 38 
1 50 


1 6 

4 - 

9 


8 - 

10 

11 

12 

14 

15 ! 

13 ' 

IS 

16 -i 

17 

19. 

i 20 

21 

23 

t 24 . . 

97 


1 25 .. 

1 26 

Average - 

i 

1 Average -- 

1 

1 .Average. 

! 

107.7 

-i 

95 6 

1 71 

87 4 

1.63 


Since wood loses moisture during steaming, it was thought that 
perhaps the steaming might have reduced the moisture of the wood 
so that the steamed blocks contained only the amount required for 
the optimum growth of Trichoderma, while the unsteamed blocks 
were too wet. However, the liighest moisture content (table 2) of 
any one steamed block was 108.2 percent, and the lowest moisture 
content of any steamed block was 63.7 percent; yet the fun^s 
traveled only 0.13 inch farther in the latter. A similar relation 
existed in the unsteamed blocks. Trichodenna grew 0,38 inch into 
an unsteamed block having a moistm*e content of 106.2 percent and 
the same distance into another having a moisture content of 77 
percent. The fungus grew very differently on steamed and unsteamed 
blocks having approximately the same moistm'e content (table 4). 
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Table 4. — Depth of penetraiion of Tnchoderma lignorum into steamed {for 30 
jmntites at 131'= C 1 and unsiearned blocks of Pnnis taeda sapwood having approxi- 
inanely the same moisinrt content 


Cnsteained blocks 

' Steamed blocks 

Moisture (percent) ; ; 

Moisture f percent) 

Depth of 
penetration 

j Inch 

lOS 9 ' 0 3S 

108 2 

Inches 

1 75 
1 56 
1 75 
1.31 
^ 1 63 

97.6 - -.1 .38 

j 97. 5 - 

86 S --- i .50 

86 2 

78 1 . -J 44 

78 2 

77. . - J 3S 

77 4 - 




i Average for 2 blocks 

SUMMARY 


The penetration of Trichoderma lignorum into sapwood of Pinus 
taeda was deteinnined by the presence of the fungus in the ray paren- 
chyma cells, ray tracheids, wood tracheids, and resin ducts. The 
greatest number of hyphae were found in the ray parenchyma and 
wood tracheids. This was true for both strains used. 

The hyphae passed through the natural openings of the wood. 

The fimgus penetrated the^ wood both radially and longitudinally, 
but there was evidence that it grew more rapidly in the longitudinal 
direction. 

There was no significant difierence in the rate of penetration be- 
tween the cellulose-dissolving strain and the noncellulose-dissolving 
strain. 

Trichoderma lignorum penetrated both steamed and unsteamed sap- 
wood; however, steamed wood was penetrated about four times 
faster than unsteamed wood. Steam sterilization at 100° C. for 
30 minutes had the same effect as steam sterilization at 121° for the 
same length of time, so far as could be determined by the growth of 
the fxmgus in the wood. 

The difference in moisture content between steamed and unsteamed 
wood did not appear to be the cause of the dijfierence in the rate of 
penetration by Trichoderma lignoT'um, 



RELATIVE RESISTANCE TO BACTERIAL WILT OF CER- 
TAIN COMMERCIAL AND SELECTED LOTS OF ALFALFA^ 

By J. L. Weimer, senior pathologist^ Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, and B. A, 
Madson, head of Division of Agronomy, California Agricultural Experiment 
Station 

INTRODUCTION 

The LTnited States Department of Agricnltiu’e and certain State 
experiment stations have published a number of papers {1-13) - 
ghdng the results of research seeking an alfalfa {Medicago satira L.) 
resistant to bacterial wilt {Phytornonas insidiosa (L. IMcC.) Bergey 
et ah)- Westover (12) has pointed out that Ladak, Hardistan, Kaw, 
and the commercial Turkistan alfalfas have shown varying degrees 
of resistance. All of these alfalfas, however, are of the winter- 
hardy type, which, regardless of temperature, becomes more or less 
dormant early in the autumn. Owing to this characteristic, the 
growth of Turkistan and Ladak alfalfas at Riverside, Calif., is 
greatly retarded as early as September and is much delayed in the 
spring. These alfalfas, therefore, are not suitable for commercial 
production in the Southwest. In view of this fact it seems desirable 
either to find a selection from one of these alfalfas with the dormant 
character less pronounced or to search for bacterial wilt resistance 
in the less winter-hardy types, of alfalfa. With this purpose in mind 
a study was undertaken to compare the relative resistance to bac- 
terial wilt of a number of different lots of alfalfa under Cahfomia 
conditions. The present paper is a progress report of the work on 
this project during the 6 years 1930-35. 

METHODS 

Most of the seed lots studied were supplied by H. L. Westover, of 
the Bureau of Plant Industry, LTnited States Department of Agricul- 
ture, Washington, D. C. Samples of locally grown seed also were 
included. The seed was sown in the greenhouse and in rows in 
the field. The plants usually were 4 to 8 months old when inoculated. 
The roots were dug carefully, so that a section of the taproot 4 or 
more inches long remained intact. Besides the broken roots, addi- 
tional wounds for the entrance of the bacteria were provided by 
scraping some of the corky layer from the surface of one side of the 
taproot. This method of wounding the plants was similar to the 
one described by Jones (2). Usually a small segment of the lower 
end of the taproot was cut off just before inoculation. The plants 
were inoculated by immersing the roots for several minutes in a 
heavy bacterial suspension. Bacteria from fresh cultures of a recent 
isolation were used. All the bacteria that could be scraped and 
rinsed conveniently from about 25 agar slant cultures were used for 

I Received for publication Dec 12, 1935; issued April 1936. Cooperative investigations between the 
California Agricultural Experiment Station and the Division of Forage Crops and Diseasas, Bureau of 
Plant Industry, U S Department of Agricultura 
^ Reference is made by number (italic) to Literature Cited, p. 655. 
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each gallon of suspension. The plants usually were set in the ground 
as soon as possible after inoculation, although in one instance the 
inoculations were made several days prior to replanting vuth equally 
good results. 

The plot at Delhi, Cahf., where much of the early work was done, 
was on light sandy soil on wiiich badly wilted plants had grown 
the previous season, while that at Davis, Calif., used later, was on 
a heavy black soil. The plants were inoculated either in late autumn 
or early spring and were allowed to grow imdisturbed for several 
months to a year, more commonly the latter, before they were dug 
and examinecl for the presence of bacterial wilt. The taproots were 
cut off just above the broken end, usually 6 to 12 inches below the 
cro^ra, and the presence or absence of the characteristic yellowing 
due to bacterial vilt was determined. Plants which showed no 
top symptoms of bacterial wilt and whose roots were free of the 
characteristic yellow color were classed as health}" and the remainder 
as diseased. In some instances samples of diseased roots were placed 
' in^ a fixing solution and later studied to confh'm the field diagnosis. 
After the plants were examined those classed as healthy were again 
wounded, inoculated, and planted and allowed to grow another 6 
months or a year If any plants remained healthy after the second 
treatment, they were transferred to the greenhouse for seed produc- 
tion. In one case all of the plants in the plot that appeared to be 
healthy were permitted to go to seed the latter part of the summer 
follo\\ing the second inoculation, the tops of the plants showing 
disease being kept cut to prevent blossoming and crossing with 
the others. The seed thus obtained was used in an experiment the 
results of which are shown later. (See table 3.) 

EXPERIMENTAL DATA 

TESTING UNSELECTED SEED LOTS 

The residts obtained from inoculating plants of 38 different seed lots 
of alfalfa are recorded in table 1. As shown in colunm 3, varying 
numbers of plants of the different lots were used. These plants were 
grown in rows in a field at Riverside, Calif., from seed sown hlarch 12, 
1930. They were dug October 23 and 24, 1930, inoculated, wrapped 
carefuUy in newspaper, packed in boxes and shipped bv express to 
Dellii, Calif., where they were planted on October 27 to 29, 1930. 
They grew well for a time, but after a few months began dying rapidlv 
Irom bacterial wilt. The percentage of plants still healthv in October 
1931 is given m table 1, colimin 4. 

Table 1, column 5, shows the number of plants that were judged to 
be worthy of fmther trial in October 1931. These plants for the most 
part were healthy, although a few had sHght bacterial wilt infections. 
All of them \yere reinoculated and replanted as pre^iously described. 
The results of this second inoculation and the additional year of growth 
on badly infested soil are evident from the figures in column 6, table 1. 
Four of the lots were 100-pereent dead or diseased by the end of the 
first year, and many others were only slightly less seriously affected 
Iwenty of the reinoculated plants were 100-percent affected by the 
end of the second year. Only an occasional plant had surviyed and 
y as appal ently healthy. It will be noted that greater percentages of 
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the Turldstan, Hardistan, and Ladak plants were left than of any of 
the others. A few plants of the less hardy alfalfas, such as Hairy 
Peruvian and Kansas Common, remained. It is quite evident that a 
single inoculation did not serve to eliminate all of the susceptible 
plants. This observation confirms those of Jones ( 3 ) and Peltier and 
Tysdal ( 8 ). 

Table 1. — Relative resistance of different seed lots of alfalfa to bacterial wilt, as 
'indicated by percentage of plants uninfected after 1 and 2 inoculations and by per- 
centage of original number of plants still healthy at end of second year (1930-3?) 


Variety or source 

Accession no ' 

Plants 

inocu- 

lated 

October 

1930 

Plants 

iinin- 

feeted 

October 

1931 

Plants 

remocu- 

lated 

October 

1931 

Plants 

unin- 

fected 

October 

1932 

Plants 
unin- 
fected 
after 2 
inocula- 
tions 

Arabian 



Number 

161 

Percent 

0 00 

Number 

0 

Percent 

Percent 

India 

Comrn 2470 

216 

00 

0 



Do 

Comm 1724 

167 

00 

0 



Kansas Common-.-, 

F. C 15940 

211 

.00 

0 



Hairv Peruvian - 

P C 15836 

221 

45 

9 

11 11 

0 45 

Italian., 

Comm 2(X)4 

213 

212 

.47 

6 

no 

a) 

South African 

S P I 48094 

47 


.CIO 

.00 

Arabian 


210 

. 48 

2 

.00 

.00 

Spanish 

Comm 2005... 

194 

52 


.00 

.00 

French 

F P I 81489 

193 

52 

10 

.00 

.00 

Arizona Common 

F C 15837 

183 


o 

,oo 

.00 

Grimm, _ 

N & R 444 

178 

.56 

15 

.00 

.00 

South -African 

F C 14204 

210 

. 95 

9 

.00 

.00 

Smooth Peruvian 

Com.m 2274 

203 

99 

2 

.00 

.00 

Argentine 

Comm 2346 

199 

1 01 

8 

oo 

.00 

Do ! 

F C 15996 

1 193 

1 04 

2 

.00 

.00 

Hardigan 

Comm 2621 

i 192 1 

1 1.04 

8 

12 50 

,52 

Italian i 

F C 15657 

I 175 i 

S 1 14 

4 

.00 

1 00 

Californivi Common 


188 1 

! 1 60 

9 

,00 

! 00 

(Hemet) ! 

Provence -.,1 

S P I 21195 

201 ! 

1.99 

10 

.00 

.00 

French- ' 

F P. I 814SS 1 

193 j 

1 2 07 

10 

.00 

00 

Dakota Common i 

F C 16083... ! 

1 221 

2 26 

21 

. .00 

.00 

Kansas Common | 

N. & R 435 - 

1 229 

2 62 

10 

10 oo 

' .44 


Comm 04153 

' 198 

3 a3 

9 

.00 

1 on 

Bebensee ' 


' 189 

1 3 17 

1 6 

.00 

1 ,00 

Lebeau 

Comm. 2622-. 

1 217 

4 15 

16 

0.25 

i .46 

Cossack 

Comm. 2441 

i 209 

1 4 78 

i 9 

,oo 

! .00 

Provence , 

F C 15744 

225 

i 4. 89 

1 12 

.00 

.00 

Hairv Peruvian 

N & R 437 

1 196 

( 6 63 

13 

7 69 

! .51 

Turkistan _ 

Comm 2674 

181 

1 7 73 

9 

11 11 

1 .55 

Do - 

191 2 

! 126 

1 9 52 

9 

22 22 

1.59 

Do 

S P I. 31811.. 

1 129 

' 12 40 

16 

is. 75 

2,33 

Hardistan 


1 20S 

: 18 27 

22 

13 64 

1 44 

Ladak 


171 

20.47 

1 31 

16. 13 

2 92 

Turkistan 

S P. I 209SS 

178 

1 26 97 

40 

15.00 

3 37 

Do 

P C. 15754 

174 

1 30. 46 

1 48 

4 17 

1 15 

Do. 

Co.mm. 2230 

68 

1 30.88 

IS 

5.56 

1.47 

Do 

F C 14786 

1 125 

43. 20 

1 48 

t 

12 50 

4.80 


' F C. indicates accession numbers of the Division of Forage Crops and Diseases, S P I , Division of 
Seed and Plant Introduction (smce changed to F P. I , Division of Plant Exploration and Introduction), 
X & R , New and Rare Field Seed Distribution, Comm., seed purchased from seedsmen. 

- Accession number of the California Agricultural Experiment Station. 


Seed of other lots of alfalfa was sown in rows in the field at Davis, 
Calif., in April 1931, and the plants were inoculated and planted at 
Delhi in October 1931. The data obtained from this experiment are 
recorded in table 2. Here again four of the lots, namely, Morocco 
F. P. I. 88912 and three Spanish lots, failed to survive the first 
inoculation. Many others fared little better. Again the Turkistan, 
Hardistan, and Ladak lots contained more resistant indiHdiials than 
any of the others except Iran (Persia) F. P. 1. 86362. Since most Persian 
strains show relatively low resistance, the higher degree of resistance 
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displayed by F. P. I. 86362 raises a question as to whether it came 
originally from Tm'kistan. 

The relative resistance to bacterial vdlt of common alfalfa from 
Hemet, Riverside County, Cahf., and from ]Modoc County, Calif., 
so far as known, has not been reported previously. Out of ISS plants 
of alfalfa from Hemet inoculated in October 1930 (table 1) none 
sur\ived the 2-year test, while of the 191 plants first inoculated in 
October 1931 (table 2) only 2.09 percent remained health}^ at the end 
of the second year. A single plant of the alfalfa from ]Modoc County 
'withstood the double inoculation. 

Arizona Common and Hairy Peruvian alfalfas, which are com- 
monly grown in California as well as in neighboring vStates, proved to 
be very susceptible in these tests as well as in those prewously reported 
by other workers. Apparently the alfalfa commonly grovui in Cah- 
fomia, regardless of whether the seed comes from Modoc or Riverside 
Counties or from Arizona, is almost certain to prove susceptible to 
bacterial wilt. 


Table 2. — Relative reshtarice of different seed lots of alfalfa to bacterial wilt, as 
indicated by percentage of plants U7iinfecied after 1 and 2 inoculations and by 
percentage of original number of plants shll healthy at end of second year ( 1931 - 33 ) 


Vanet or souret? 


Accession no 

1 Plants 
j moeu- 
' lated 
October 
! 1931 

Plants 

unin- 

fected 

October 

1932 

Plants 

remocu- 

lated 

October 

1932 

Plants 

unin- 

fected 

October 

1933 

Plants 
unm- 
fected 
after 2 
inocula- 
tions 

Morocco 

F 

P.I SS912 

j Number 
-! 68 

Percent 

0 00 

Number 

0 

Percent 

0 00 

Percent 

0.00 

Spamsfa 

F. 

P I 89887 

200 

.00 

0 

.00 

.00 

Do 

F. 

P.I 89886 

--1 205 

.00 

0 

.00 

.00 

Do 

F 

P I 89882 

204 

.00 

0 

00 

.00 

California Common (Mo- 



210 

.48 

1 

100 00 

.48 

doc County;. 

French— 

F. 

C. 19274 

1 

-! 140 

.71 

1 

100.00 

.71 

Spanish 

F. 

P. I. 89635 

.J, 203 

.99 

2 

. 50.00 

.49 

French 

F. 

C. 19273 

154 

1.30 

2 

.00 

.00 

Kansas Common- 

F 

C 19180... 

202 

1 98 

4 

, 25 00 

.49 

California Common 



191 

4 71 

9 

j 44 44 

2 09 

(Hemet). 

Morocco 

F. 

P. I SS936 

- ' 201 

2 49 

! 

i 5 

! 40 00 

1 00 

Spanish 

F 

P. I 89884 

170 

1 2 94 

5 

40.00 

1. 18 

Morocco - 

F. 

P I 88914 

33 

3 03 

! 1 

.00 

.00 

Spanish 

F. 

F I. S9846 

199 

' 6 03 

12 

33 33 

2. 01 

Iran (Persia) 

F, 

P.I. 86361- 

197 

1 8 63 

1 17 

58 82 

5 OS 

Hardistan— .. 



192 

IS 75 

1 35 

54.29 

9. 90 

Turkjstan 

F. 

P. I S5751 

206 

20.87 

' 43 

46. 51 

9 TO 

Ladak 

F. 

C. 159SS 

94 

23. 40 

i 22 

36 36 

8 51 

Turfcistan 

F 

C , 19300 

.-1 206 

28. 16 

1 58 

I 56 90 

16, 02 

Do ..| 

F. 

C. 19316 

209 

34.93 

71 

[ 73 24 

24.88 

(Iran) Persia I 

F. 

P 1.86362 

42 

35. 71 

I 14 

j 78 57 

26 19 


TESTING SINGLE-PLANT PROGENY 

Data obtained by inoculating the progeny of single plants are given 
in table 3. Each entry in column 3, combined with the corresponding 
entries in colimins 1 and 2, is the designation of a single plant. These 
plants include most of those surviving the second inoculation shown 
in column 7, table 1. As previously stated Cp. 548), the seed was 
obtained during the simmier of 1932 by open pollination. This seed 
was so^vn in the greenhouse at Davis in the early winter, and the 
plants were inoculated and transplanted to the field on April 25, 1933. 
IMien the plants were examined on November 2, 1933, there were 
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almost no top symptoms of bacterial wilt and the stand was considered 
almost perfect. The plants remaining healthy were reinoculated, 
replanted, and pemhtted to grow until November 1934. The final 
results are shown in columns 7 and 8, table 3. 

These data are of considerable interest, since they show the reac- 
tion to bacterial wilt of plants whose parents withstood a very severe 
test for resistance. The percentage of healthy plants remaining after 
the second inoculation varied from 0 to 100, being in general consid- 
erably higher than in previous experiments. For example, in table 1 
Turkistan F. C. 14786 shows 43.20 and 12.50 percent, respectively, 
of healthy plants surviving the first and second inoculations. In 
table 3 is shovm the reaction of the progeny of six different plants of 
Turkistan F. C. 14786. Here the percentage of healthy plants after 
two inoculations varied from 100 in nos. 4 and 8 to 38.54 in no. 16, 
the average percentage of the progenies of all six of the plants remain- 
ing healthy being 64.57. On the other hand, Turkistan 191-2 after 
the first inoculation showed the same percentage of healthy plants 
(22.22) as the original stock when inoculated the second time (table 
1, column 6), but no plants in the former survived the second inocu- 
lation. Turldstan 191-1 likewise failed to show any significant in- 
crease in resistance over its original stock. 

Table 3. — Felahve resistance of the progeny of individual plants which had survived 

2 inoculations 


[The seed was produced by open pollination! 


Variety or source 

Accession no 

Plant 
selec- 
tion no 

Plants 

mocu- 

lated 

April 

1933 

Plants 
unin- 
fected 
Novem- 
ber 1933 

. . . 

Plants 
reinocu- 
lated 
Novem- 
ber 1933 

Plants 
unm- 
fected 
Novem- 
ber 1934 

Plants 
unin- 
fected 
after 2 
mocula- 
tions 

j 



Xu mber 

Percent 

Xumber 

Percent 

Percent 

i 


f 1 

61 

37 70 

22 

31.82 

11.48 

i 


1 2 

9 

22 22 

2 

.00 

.00 



[ 4 

2 

100 00 

2 

100.00 

100.00 



6 

25 

96 00 

22 

63.64 

56.00 

1 


s 

1 

100 00 

1 

100 00 

100.00 



10 

7 

57. 14 

4 

75 00 

42. 86 



13 

30 

80.00 

21 

71.43 

50.00 



1 16 

96 

77.08 

67 

55 22 

38 54 

Turldstan 


/ 1 

16 

87 50 

12 

83 33 

62.50 



1 5 j 

23 

52. 17 

12 

75.00 

39.13 

1 



132 

52. 27 

67 

43 28 

21.97 


Q "P T OAOifi 

J 10 

3 

33.33 

1 

100.00 

33.33 

I 

o X . X -iUyoo 

1 14 i 

38 

78. 95 

26 

30 77 

21.05 

! 


1 18 

1 1 

.00 




1 


1 1 

8 

37.50 

3 

50.00 

12.50 

1 

S. P. I. 31S11 

1 o 

32 1 

81.25 

25 

24.00 

18 75 



1 4 

no j 

66.36 

68 

55.88 j 

34 55 

1 


[ 1 

37 

67.57 

24 : 

62 50 

40 54 


1 

2 

17 ; 

47.06 1 

6 

83.33 

29.41 

Ladak-- ... , 


\ 3 

1 69 

.53 62 : 

35 ; 

48 57 

24 64 



1 8 

26 : 

80.77 1 

20 1 

66.00 

50.00 

I 


1 11 

40 ; 

47.60 i 

! 19 1 

52,63 

25.00 

Kansas Common 

N. & R. 435 

1 

19 

47.37 

i 9 

11.11 : 

5.26 

Lebeau 

Comm. 2622 

2 

190 

15.79 1 

29 ! 

20.69 

3 16 

Hardigan i 

Comm 2621 

1 

9 

1 50.00 

1 

100.00 

50 00 

Hairy Peruvian 

F. C. 15836 

1 

3 

i 66.67 

1 : 

100 00 

33.33 


Similar comparisons of other plants and their respective progenies, 
as listed in the tables, show that resistance to bacterial wilt is trans- 
mitted to the offspring in different degrees by different resistant 
plants. In some instances there seems to be no increase in resistance 
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in tiio first generation over the seed stock, wliile the reverse is true in 
other cases. Obviously the fact that a plant has survived tvvo inocu- 
lations and 2 years’ growth on infested soil does not necessarily mean 
that it will produce progeny of a liigher degree of resistance. A similar 
conclusion has been reached by Jones (2), Brink, Jones, and Albrecht 
(O, and Peltier and Tysdal u^t. 

In this connection tables 4 to 6 are of interest. Table 4 is designed 
to show more clearly the comparative resistance of the seed stock and 
the first generation of certain plants of some seed lots tested. The 
percentages of plants of each generation remaining healthy after two 
inoculations are given in columns 4 and 5. In table 4, columns 1 and 
2, the first item in each group of plants recorded represents the stock 
from which the other plants were obtained. For example, the original 
stock of Turkistan 191, whose resistance is shown in table 1, is com- 
pared with the progeny of 191-1 and 191-2, two plants selected fronr 
tins stock. The original number of plants of 191 set out, as shown in 
table 1, column 3, was 126. Of these only 2 (191-1 and 191-2) sur- 
vived the second inoculation, or, in other words, 1.59 percent remained 
healthy (column 4, table 4). The percentages of the progenies of 
these I wo plants that were still healthy after two inoculations are 
given in column 5, table 4. In like manner Turkistan alfalfas F. C. 
14786, F. C. 15754, S. P. I. 20988, S. P. I. 31811, and several other 
seed stocks are compared with their respective progenies The in- 
crease in resistance is quite stiiking in some cases and nil in others. 


Table 4 — Comparison of the resistance of certain seed lots with that of their progeny 
(Proeeny from open-pollin ated seed] 


V.rriety or 
source 


- Accession nc 


i Percentage of 1 
1 healthy plants' 
p, . I after 2 mocu- ! 

tion i 


no. 


I Orisr. ' 
mal 
stock ' 


Prog- 

eny 


Variety or 
source 


Accession no 


Plant 

selec- 

tion 


Percentage of 
>^eilthy plants 
after 2 inocu- 
lations 


1 Ong- 
I inal 1 
stock 1 


Prog- 

eny 


Tiirki.^ran. * 


. 


F r U7S6-, 


F C 15754-. 


!f 


's P I.2G9SS- 


1 otl ' 

I 

d’.sO'l 


11 rs 
.00 


Turkistan 


lOO 0<l , 

6' I 56 00. 

SI 100.00 ! 

10, : 42 S6 I Lidak 

13 ■ 50 00 ' 

16 : 38 54 

1 15 I 

1 I I 62 50 I, 

5 ' 39 13 , 


; P T 31811-1 


Kmsas Com- 
mon 

Lebeui 


N <k R 435. 


1 I 
10 ' 
14 I 
is ' 


21 97 
33 33 
21 05 
00 


-I Comm 2622- 

Hardlgan | Comm. 2621 

Hairy Peruvian* FC 15836^. 


4 

2 

3 

8 ; 
11 I 

|-T 


I 1 

/---- 
1 


2 33 


2 92 i 


I 12 

50 

i IS 

75 

[ 34 

I 

55 

' 40 

54 

29 

41 

24 

64 

.50 

00 

25 

00 

1 

0 

’21') 

3 

' ll ) 

50 

06 


Table 5 gives the reaction to bacterial wilt of progenies of some of 
the plants shown in table 4, but from seed grown in the greenhouse 
and hence selfed. The percentages of healthy plants surviving the 
two inoculations are given in column 8, These figures enable one to 
oonipare the relative resistance of the progenies obtained by close poUi- 
nation (table 5) with those secured by open pollination (tables 3 and 4) 
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as well as with the original seed stock (table 1 j . In general, there was 
considerable increase in resistance in the progenies of these selected 
plants when close-polhnated over that of the original stock from which 
the parent plants were selected. The progenies ol the parent plants 
when open-pollinated also showed more or less increase in resistance. 
However, between the two sets of progenies there was no consistent 
difference that might be attributed to the difference in the method ot 
polhnation. 

Table 5. — Resistance to hacierial wilt of progeny of restsiant plant selections 


[Progeny from close-polhnated seed] 




Plant 

selec- 

tion 

no 

Plants 

Plants 

Plants 

Plants 

Plants 



mocu- 

umn- 

remocu- 

umn- 

fected 
after 2 
inocula- 
tion? 

Variety or bouree i 

Accession no. 

lated 

fected 

lated 

fected 


April 

Xovem- 

Xovem- 

May 



1934 

1934 

ber 1934 

1935 




JS' umber 

Percent 

Number 

Percent 

Pei cent 

1 


( 127 

56 

50.00 

26 

92 31 

42 86 


F C 147SG 

12S 

122 

38. 52 

47 

82 9S 

31 97 



[ 143 

13 

69. 23 

8 

87 50 

53, 85 



1 131 

39 

48 72 

19 

78 95 

38 46 



132 

64 

45.31 

j7 

100 00 

42, 19 

Turti'^r.in 1 

S P I 20g&S 

\ 137 

29 

24.14 

8 

37 50 

10 34 


130 

33 

51.52 

15 

53 33 

24.24 

! 

S. P I 31811 

[ 144 

( 13S 

( 141 

20 

29 

20 00 ^ 

17.24 

65.38 


100 00 

20 00 

1 

34 1 

88 24 

57 69 



52 

1 

Comm 2230 

126 

177 

35.03 

62 

93 55 

32 77 


F C 15754 

135 

71 

38.03 

28 ^ 

67.86 

26. 76 

Hardistan 


45 

51.11 

21 

66.67 

31. 11 

Ladak._ 


/ 52 

\ 53 

55 

63.64 
50 00 

33 

75. 76 
75.00 

45 45 
37.50 



s 

4 

Hardigan-- i 

Comm 2621 

49 

73 

54 79 

30 

20.51 

10.9b 

California Common 
(Hemet). | 


2S 

10 71 

3 

1 

66. 67 

7. 14 





Hairy Peruvian (con- i 
trol). 



9 

22 22 

2 

.00 

.00 

F. C 22047 


1 

! ^ 

Onmni mnnlrnll 1 

16 

.00 

00 

.00 

; 


F. E. Jones contributed some alfalfa plants which be had selected 
for their resistance to bacterial wait at hladison, Wis. These were 
planted in the greenhouse at Davis, Calif., and seed was obtained from 
most of them. The plants from this seed were inoculated in the usual 
way. The inoculations were made in April and November 1934, and 
the plants were examined in November 1934 and May 1935, respec- 
tively. The percentage of the progenies from each plant remaining 
healthy is given in table 6. The source of the parent plants is shown 
in table 6, column 1. These plants were presumably of the Conmion 
variety, 1301-1, 1304-8, and F. C. 15749 being recorded by Jones as 
of the semihardy type. Some of these plants produced progenj^ of a 
low degree of resistance, as shown in colunm 8, while the reveme is 
true of others. A better imderstanding of the potential value of a 
line in the nonvinter-hardy group, which shows 50 percent or more of 
resistant plants, is obtained by a comparison with those of the same 
group ; for example, with the California Common grown in the vicinity 
of Hemet and Hairy Peruvian, listed in table 5, and with other non- 
hardy alfalfas, listed in tables 1 and 2. Very commonly the plants 
belonging to the nonhardy group are 100-percent affected as a result 
of the first inoculation. Several of the plants sent by Jones, some of 
which are nonhardy, have produced progeny apparently equal in 
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resistance to the Turkistans and Ladak. The prospect of obtaining 
some valuable selections from these plants seems promising. 


Table 6. — Resistance of the 'progeny of plants selected by F. R Jones at 

Madison^ Tr2s. 

fwSelfed seed grown at Davis, Calif ] 


Variety and source of , 
seed lot from which Accession no. 
selections were made 


Kansas Common 1225 ’, 


Montana Common 


1.300 

4301 1. 
1302 ' 


Kansas Common, 


Ilisaj ’ 


I 


\13041, 


I F. P. I. 88141. 
F, P I 88143. 
F P. I. S9S43. 
F. P. I 89631. 
F P. I 89883. 
F. P. I S9854. 

' (F. P I 89904- 

Portugal ' 

; [f P. I. S9906. 


Morocco ‘ F, P. I. S9973. 

Kansas Common ^ F C 15749... 

Hairy Peruvian (con- 

trolj . 

Grimm (controlj F. C 22047... 


Plant selection 
no 

Plants 

inocu- 

lated 

April 

1934 

Plants 

unin- 

fected 

Novem- 

ber 

1934 

Plants 

remoc- 

ulated 

Novem- 

ber 

1934 

Plants 

unin- 

fected 

May 

1935 

Plants 
unin- 
fected 
after 2 
inocu- 
lations 

i Xumber 

Percent 

Xumber 

Percent 

Percent 

r 

124 

21. 77 

25 

28 00 

5 65 

48- 

55 

12. r3 

7 

42 86 

5.45 

aoi 

46 

30 43 

13 

100.00 

28. 26 

102--. 

74 

56 76 

41 

73 17 

40 54 

[Ul-.-- 

22 

50 00 

11 

81 82 

40 91 

(3-108 

89 

21 35 

IS 

66. 67 

13 48 

*3-109. 

60 

75 00 

39 

79.49 

51.67 

1 3-1 10 

30 

56 67 

17 

76. 47 

43 33 

1-39 

124 

16 94 

20 

50 00 

8 06 

2-121... 

45 

48 89 

20 

80.00 

35 56 

/2-105 

37 

62 16 

20 

100 00 

54 05 

2-107.. 

100 

76 00 

69 

85 51 

59.00 

2-116 

21 

71 43 

14 

100 00 

66 67 

, 2-117 

25 

72 00 

15 

100 00 

60 00 

2-120 

26 

53 85 

14 

100.00 

53. 86 

2-122 

59 

40 68 

21 

80 95 

28 81 

2-124 

77 

76. 62 

58 

' 74 14 i 

55.84 

.3-118 

19 

78 95 - 

15 i 

73 33 i 

57.89 

12^7 

21 

28. 57 

7 ' 

57.14 

i 19 05 

2-103 

18 

11 11 

2 ' 

50 00 

1 5 56 

s 2-106 

37 

5.41 

2 

100 00 

1 5.41 

8-13 

103 

29 13 

, 28 

42 86 

, 11. 66 

8-20.... 

36 

27 78 


1 93 33 

1 38 89 

30 

75 

52 00 

1 38 

1 97. 37 

i 49.33 

[56 

16 

I 50.00 

i 8 

; 100.00 

j 50 00 

(l)-50..- 

22 

9.09 

t 2 

50 00 

' 4 55 

5.5 

i 23 

.00 



' .00 

i 84 

1 3 

.00 



00 

' 2-43R 

115 

21.74 

24 

62 50 
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SUMMARY 

Alfalfa plants produced from 59 different lots of seed from various 
sources have been tested for resistance to bacterial wilt at Delhi and 
Davis, Calif. 

The plants were inoculated twice and grovm in field plots for 6 
months to 1 year following each inoculation. Seed was obtained from 
the plants which remained healthy and the resistance of the new 
generation was tested. 

The results confirm those of other workers in that they show that 
Turkistan, Hardistan, and Ladak alfalfa seed lots contain the highest 
percentages of resistant individuals. A few plants of some of the other 
seed lots survived the two inoculations. The progenies of these are 
being tested. 
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Iran (Persia) F. P. I. S6361 and F. P. I. S6362 contained more 
resistant indhnduals than most of the others, vith the exception of 
Turkistan, Hardistan, and Ladak, and, since most lots from Iran have 
shown relative^ low resistance, the question arises as to whether 
these lots came originally from Turkistan. 

For the most part, progenies of plants that survived two inocula- 
tions gave a somewhat higher percentage of resistant individuals 
than did the original stock. Some of the progenies were no more 
resistant than the stock from w^hich the original selections were made, 
while the reverse was true in other cases, showing that resistance is 
transmitted to the offspring in varying degrees by different plants. 

Plants from 38 different individuals selected by F. R. Jones, many 
of which were from the nonhardy group of alfalfas, were tested. The 
progenies of some of these plants contained many individuals which 
survived two inoculations. 
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INFLUENCE OF TEMPERATURE AND OTHER FACTORS 
ON THE MORPHOLOGY OF THE WHEAT SEEDLING ^ 


By J, W- Taylor, associate agronomist, and M. A. McCall, principal agronomist, 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 

The morphology of the wheat seedling {Triticum vulgare YilLO is 
affected by both soil temperature and light during the early stages 
of growth. Two of the more prominent and important seedling 
characters determined during early growth are the length of the 
coleoptile and the position or depth of the crown in the soil. The 
coleoptile, though its hfe is short, is of prime importance to normal 
germination. It is also the organ through which organisms causing 
some of the more serious plant diseases enter the seedling The loca- 
tion of the croym in relation to the soil surface can readily influence 
tillering, crown-root development, heaving, and winter injury. Another 
seedling character affected by envhomnent is the seminal root system. 

The present study, conducted in the greenhouses at the Arlington 
Experiment Farm, Rosslyn, Ya., near Wasliington, D. C., shows the 
influence of four constant soil temperatures on the seedling develop- 
ment of a spring and a mnter wheat sown at two depths. In addition, 
some observations on certain factors influencing the seminal root 
frequency have been made. 

REVIEW OF LITERATURE 

The influence of depth of seeding on the coleoptile length of wheat 
was observed by Percival (9)? He also has described the two root 
systems and the factors influencing their formation and extent. 

Dickson {2) noted the effect of soil temperatures on both coleoptile 
length and elongation of the subcrown internode of two varieties of 
wheat. 

Kossovntsch {5) found that plants grown in shaded areas had 
higher crowns than those grown in full sunlight. He also showed in 
plant-house experiments that high temperatures gave a sin^ar 
result. In addition, he gives field data showing that winter-killed 
plants had much shallower crowns than the surviving plants. 

Tavcar {12) states that the variety least damaged by cold has the 
vegetative point of its principal stalk the most deeply buried. 

Gladkii and Lykhvar (4) beheve that soil moisture (about 18 per- 
cent) appears to be the main factor in the development of the under- 

1 Received for publication Oct. 5, 1935, issued May 1936. 

2 According to the rules of botanical nomenclature the name of tbis species is Tnticum aestivum L , but 
as T. vulgare is in general use among agronomists and cereal pathologists and geneticists, the writers give 
preference to that name. 

3 Reference is made by number (italic) to Literature Cited, p. 568. 
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node or coleoptile tiller. From 10 to 50 percent of the heads can 
come from this node. 

Friedberg (J) found varietal differences in the rate of coleoptile 
tilleiing. He believes the coleoptile tiller can be a factor in recovery 
from vdnter injury. 

MATERIAL AND METHODS 

Vrell-developed kernels of Hard Federation (C. I.^ 4733) and Turkey 
(C. I. 1558), both from Moccasin, Mont., were used. These varieties 
differ greatly in growth habit. Hard Federation is an early spring 
wheat vuth white kernels, introduced from Australia by the United 
States Department of Agriculture in 1915, and Turkey is a midseason, 
hardy, hard red winter wheat probably introduced into Kansas in 
1873 by Russian Mennonites (7). 

The seeds were sown in galvanized-iron cans 8 inches in diameter 
and 9% inches deep, filled Tji inches with a uniform loam. The 
desired moisture content was maintained by triweekly weighings 
and additions of water. Soil-surface evaporation was reduced by a 
coarse granular cork mulch. 

For each variety there were 16 cans at temperatures of 12°, 16°, and 
24° C. and 20 cans at 20° C. These were maintained constantly ])y 
thermostatic control. The mechanism of the tanks (controlling the 
temperatures) is described in detail by Leukel (6). Twelve seeds w^ere 
sown to a can, and later the plants were thinned to four seedlings. 

Two seedings, one made on December 5, 1928, and another on 
February 6, 1929, were studied. The most important difference 
between the two seedings, other than date with consequent light 
effects, was the depth of seeding. In the earlier sowing the seeds 
were 18 mm and in the later they were 45 mm below the top of the 
cork mulch. 

The principal measurements made were length of coleoptile, length 
of subcrown internode, number of coleoptile tillers, number of tillers, 
and number of crown roots. The tillers and crown roots were counted 
when the plants were 8 weeks old in the first seeding and approximately 
6 weeks old in the second. 

EXPERIMENTAL DATA 

GERMINATION 

Germination of both Hard Federation and Turkey was most 
rapid at 24° C. in both seedings. At each lower temperature the 
germination period increased. As shown in table 1, no significant 
diflerences in the rate of germination between Hard Federation and 
Turkey occurred at any temperature. 

EFFECT OF TEMPERATURE AND DEPTH OF SEEDING ON LENGTH OF COLEOPTILE 

Soil temperature exerted a decided influence on the length of the 
coleoptile of the plants sown 18 imn deep (table 1). The average 
length of the coleoptile of both varieties grown at 20° C. was approx- 
imately 10 percent less than at 24° and from 25 to 28 percent less than 
at 16°. There were no significant differences in coleoptile length 

* C I refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of Cereal 
Investigations. 
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between the plants grown at 16° and at 12°. When the seed was 
sown 45 mm deep, temperature differences had little effect on coleop- 
tile length, as the greatest difference due to temperature in either 
variety was less than 6 percent. 

Table 1. —Effect of tem'peraiure and depth of seeding on plant characters of Hard 
Federation and Turkey wheats grown in controlled-soil-tempcratvre tanks at the 
Atlington Experiment Farm, Rosslyn, Va. 

SEED SOWN 18 MW DEEP 


Variety and soil 
temperature C ) 

Plant- 
ing to 
emer- 
gence 

Coleoptile 

length 

Subcrown- 

internode 

length 

Plant- 
ing to 
tillering 

Tillers per 
plant 

Plants 
with co- 
leoptile 
tillers 

Crown 
roots per 
plant 

Hard Federation 

Hours 

A/ml 

Mm 1 

Days 

Ku mber i 

Percent 

Number i 

24 

92 

54 9±0 57 

31 7±0 51 

33 

2 9±0 06 

0 

4 2=t0 20 

20 

104 

49 3± 57 : 

26 2± 38 

28 I 

3 Si 07 

0 1 

6.3± .21 

16 

178 

41 4± 45 

20 3=t 33 1 

28 1 

3 8± 06 

2 

6 9=fc . 15 

12 

211 

42 3zfc . 46 

12 3rt 32 

33 : 

3 1± 06 

4 

6 3=b .15 

Turkey 

24 

92 

45 9± 47 

22 3± 42 

23 i 

8 5± 28 

0 

6 9=fc .20 

20 - 

104 

40 9± . 40 

19 8d: .30 1 

21 i 

10 1± 26 

6 

7.5=i: 29 

16 

166 

33 2± . 31 

13 5db .30 I 

23 1 

12 7± 19 

56 

5 4=t 14 

12 

211 

32 5rh 24 

3 9± 21 1 

24 1 

i 

10 3± . 16 

79 

3 4db . 10 


SEED SOWN 45 MM DEEP 


Hard Federation 








24 

96 

61 5±0.33 

33. 5zt:0 51 

26 

2 7±a07 

2 

5. 6=t0. 11 

20 

122 

61. 8=t . 27 

33 0=t .43 

26 

2 7± . 05 

0 

5 8=fc . 12 

16 

161 

61 5± 28 

27 4± 42 

25 

2 6d= 05 

0 

3 7=fc 12 

12 

218 

58 6db . 25 

26. 2± .35 

34 

2 7± 05 

3 

2 8d= .09 

Turkey 








24 

96 

53 0± 22 

24 7=t 62 

19 

4.8± .16 

0 

3 S± . 18 

20 

120 

54 3± 22 

1 21. 6d: 45 

19 

5. 0± . 12 

! 4 

2 4db . 08 

16 - 

154 

53 3± 17 

[ 15 7=b 42 

1 20 

6 5± .37 

48 

1.8±.09 

12 

1 

216 

51 4± . 16 

1 14 6± 41 

26 

1 5 6± . 09 

1 87 

1. 2=h . 08 


1 The number follov^ing the plus-or-minus sign represents the probable error. 


The effect of depth of seeding, or lack of light, on the coleoptile 
length is shown by comparing the data from the first and second 
seedings (table 1), At 24° C, the coleoptile length of the shallow- 
sown Hard Federation was 11 percent less than that of the deeper 
sown; at 20° it was 20 percent less, and at 16° it was 33 percent less. 
Turkey behaved similarly. 

Hard Federation had a longer coleoptile than Turkey at all fom 
temperatmes, at both seeding depths. The varietal contrast was 
greater in the shallow seeding and increased inversely with temper- 
ature, ranging from 16 percent to 23 percent shorter for Turkey. 
When the seed was sown 45 mm deep, the varietal contrast differed 
but slightly with temperature, Turkey being only 12 to 14 percent 
shorter. 

EFFECT OF TEMPERATURE AND DEPTH OF SEEDING ON LENGTH OF SUBCROWN 

INTERNODE 

The location of the crown is dependent on the elongation of the 
internode or internodes between the basal attachment of the coleop- 
tile and the first node of the crown. Normally, the latter is the 
node of the first foliage leaf, although in some cases it may be that 
of the second, third, or even fourth (fig. 1). The region between the 
coleoptile base and the crown comprises the subcrown internode or 
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internodes. The critical period determining the crown location, or the 
elongation of the subcrowTi internode, occurs soon after germmation. 
Twelve clavs after sowing, or approximately 6 days after ^ergence, 
both at 20° and 24° C., the lower node of the crown of Hard Federation 

could be identified with 



the naked eye and 
was approximately in 
its final position. 

At the temperatures 
and seeding depths 
used in these experi- 
ments the plants 
crowned normally, i.e , 
the first crown node 
was that of the first 
foliage leaf. The sub- 
crowm region above 
the coleoptile attach- 
ment consisted, there- 
fore, of a single inter- 
node, the elongation 
of which determined 
the position of the 
crowm. 

In both Hard Fed- 
eration and Turkey, 
the length of the sub- 
crown internode in- 
creased progressively 
from 12° to 24° C., at 
both seeding depths. 
Temperature effects 
on subcrowm intemode 
length, as on coleop- 
tile length, were great- 
est in the shallow -sown 
plants. When seeds 
were sown 18 mm deep 
the subcrown intemode 


of Hard Federation 


averaged 17 percent 
shorter at 20° than at 


24° and that of Turkey 
11 percent shorter. 
The subcrown inter- 


FiijURE 1 —Wheat seedling showing de\elopment of the mam crown 
at the second node rather than at the first. 


node elongation of 
Hard Federation at 


16° and at 12° aver- 


aged 36 and 61 percent shorter, respectively, than at 24°, whereas in 
Turkey the elongation at 16° and at 12° was 38 and 83 percent 
shorter, respectively. 

Deep seeding increased the length of the subcrown internode of 
both varieties at all foui^ temperatures (table 1), the differences being 
slight at 24° C. but increasing at the low^er temperatures. At 12° the 
internode of Hard Federation was 53 percent shorter from the shallow 
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seeding than from the deep seeding and that of Turkey 73 percent 
shorter. 

Hard Federation crowned liigher than Tm’ke}" at the four temper- 
atures; in both seeding depths. The s^arietal contrast was sharp in 
all comparisons but most marked at 12°, especially in the IS mm 
seeding, at which the crowm of Turkey was 68 percent lower than 
that of Hard Federation. At the same temperature, Turkey, when 
sown 45 mm deep, crowned 44 percent lower than Hard Federation 
At the two highest teniperatures the difference was least, but still 
there was a minimum difference of 26 percent. 

Hard Federation, when sown 18 mm deep and gro\\Ti at 24^, 20^, 
and 16° C., crowmed above the soil line, and Turkey behaved similarly 
at 24° and 20°. Wlien the seed was sown 45 mm deep, the crowii 



Figure 2.— Location of the crown with reference to the surface of the soil when the seed was sown 45 mm 
deep and grown at four constant temperatures 


was well below the soil surface at all temperatures. The average 
position of the cro'wn with reference to the soil surface at the deeper 
seeding is shown in figure 2. 

EFFECT OF ENVIRONMENT AND VARIETY ON TILLERING 

In the axil of each leaf, including the coleoptile and prophyll, there 
is a tiller bud. Inasmuch as each tiller has its prophyU, the extent 
of tillering is theoretically limited only by environment. However, 
it is generally accepted that varieties differ inherently in tillering 
proclivity. 

In the writers^ studies Turkey always tiUered before Hard Federa- 
tion. At the shallow'er seeding there was an average lapse of 23 days 
before the appearance of first tillers in Turkey and almost 31 days in 
Hard Federation. The corresponding intervals for the deeper seed- 
ings were 21 and 28 days. Hard Federation sown 18 mm deep and 
grown at 16° C. averaged 3.8 tiUers per plant and Turkey averaged 
12.7 tillers per plant. At all temperatures in both seedings (table 1), 
Turkey tillered more extensively than Hard Federation. In both 


562 


Journal of Agricultural Research 


Vol. 52, no. 8 


varieties, where differences were found, tillering was least at 24° and 
greatest at 16°. 

The growth of the coleoptile axillary bud appears particularly sen- 
sitive to conditions during the early seedling development. When 
conditions are favorable the coleoptile axillary bud develops into the 
fh'st tiller of the plant Shortly afterward the tiller bud in the axil 
of the first seedling leaf develops into the second tiller, and the third 
tiller normally comes from the bud in the axil of the second leaf. The 
fourth tiller to appear may come either from the bud in the axil of 
the third leaf or from the prophyll axillary bud of the tiller in the 



Figure 3 —Wheat plant with (a) crown developed from coleoptile tiller and (6) mam croT;^Ti. 


axil of the fii’st foliage leaf. In some varieties the coleoptile tiller fails 
to develop under most conditions. Theoretically, it would appear 
advantageous to have varieties tending to develop a tdler from the 
coleoptile node. This would produce a plant with two crowns, as 
shown in figure 3. Inji^ by low temperature, hea\ung, winds, or 
grazing by stock could kill or severely check the main crown and still 
leave the other capable of producing a crop. The coleoptile tiller 
forms what is in effect a second plant vuth its crown usually located 
deeper in the soil than the main crown. The significance of this 
second crown has been little investigated. 

If the coleoptile tiller is to compete with the main crown tiUers and 
develop significantly it must have an early start. Such a condition 
existed when the seeds of Turkey -were germinated at 12° C., as the 
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first tiller recorded in all pots was from the coleoptile axillary bud 
The development of the coleoptile-node tiller is apparently determined 
by the availability of reserve food materials associated with the slow^ 
growth rate of the low-temperature environment. 

As shown in table 1, Hard Federation rarely developed the coleoptile 
tiller at any of the four temperatures, the highest percentage being 4 
at 12° C., with shallow seeding. 

In Turkey, at 24° C., no coleoptile tillers w^ere recorded; at 20° from 
4 to 6 percent of the plants tillered from the coleoptile axil; while at 
16° and 12° the percentage increased to approximately 50 and 80, 
respectively. 

EFFECT OF ENVIRONMENT AND VARIETY ON EARLY FORMATION OF CROWN ROOTS 

At the time counts -were made more than 28 percent of the Hard 
Federation plants sowm 18 mm deep at 24° C. had faded to develop 
functional crown roots. This was due to too high crowning. The 
formation of adventitious roots is very evidently closely associated 
with moisture. Wlien plants grew so that the crowm nodes came in 
contact with the moist soil, roots formed readily. Also, it was ob- 
served that crown roots formed even in the ah at a sufficiently high 
degree of humidity. About 14 percent of the plants without crown 
roots had only the main stem, but the remaining 86 percent had one or 
more tillers. It is e\ident that formation of the first tillers may occur 
independently of crown-root functioning. The later degree of develo- 
pment of these tillers and of subsequent tillers, however, is undoubt- 
edly closely associated with that of the adventitious crown roots. 

'the early development of tillers in excess of crown-root formation 
was most apparent in Turkey at 12° C. At the 18-mm depth of seed- 
ing the plants averaged 10.3 tillers but only 3.4 crowm roots per plant. 
At the deeper seeding they averaged 5,6 tillers and only 1,2 crown 
roots. Hard Federation developed crowm roots in excess of tillers 
under all conditions, but more at 12° in the 18-mm depth of seeding, 
averaging 6.3 crown roots and only 3.1 tillers (table 1). 

EFFECT OF TEMPERATURE, DEPTH OF SEEDING, SIZE, AND PREMATURE HARVEST 
OF SEED ON NUMBER OF SEMINAL ROOTS 

The seminal root system of wheat is not generally well understood, 
either in respect to number of roots or function. The information, 
however, is available. Wiggans { 15 ) found that the seminal roots of 
common wffieat varied from 1 to 6, and Locke and Clark (7) show’ed 
that the seminal root system may remain functional and carry the 
wheat plant through to maturity. McCall (8) found that there was 
a potentiality for as many as nine roots in the subcrown region which 
could be taken for seminal roots. However, the true seminal or seed 
roots are limited to a maximum of six : the primary, first and second pair 
of laterals, and a face root. At the coleoptile node, two, and occasion- 
ally three, adventitious roots may develop. These, however, should 
not be interpreted as seminal roots since their primordia are not pres- 
ent in the embryo . The development of the seminal roots is related 
to nutrition, and the full complement of six roots is rarely found. 

Certain factors of possible influence in determining the number of 
seminal roots were investigated. These included temperature, depth 
of seeding, size of seed, and degree of seed maturity as determined by 
the interval between pollination and harvest. 
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Two seed sizes were used, the separation being made with a screen 
having 8 meshes per inch. The seed was germinated and grown at 
two temperatures — approximately 15° and 25° C. 

The seedlings of Hard Federation differed but slightly in number of 
seminal roots when grown at 15° and at 25° C. The mean number of 
seminal roots at 15° was 3.5, and at 25° it was 3.4. The extreme num- 
bers were 3 and 6. The number of 
seminal roots of Turkey was decid- 
edly increased, however, by the 
higher soil temperature, as shown in 
figure 4. The mean number of semi- 
nal roots at 15° was 3.1, and at 25° 
it w^as 4.0. More than 90 percent of 
the seedlings at 15° had only 3 semi- 
nal roots, as compared with but 28 
percent at 25°. 

\Mien the plants were grown at a 
soil temperature ofl2°tol5°C., seed- 
ing 75 mm deep resulted in fewer 
seminal roots of both Hard Federation 
and Turkey than did seeding 20 mm 
deep. Turkey", how^ever, w^as less af- 
fected by depth of seeding than \vas 
Hard Federation Alore than three 
times as many plants wuth four semi- 
nal roots ’were found in the 20-mm 
seeding depth of Hard Federation as 
in the 75-mm depth (fig. 5). 

The number of seminal roots w^as 
greater in both Hard Federation and 
Turkey plants grown from large seed. 
Turkey sho’wed less effect, however, 
than Hard Federation, the mean num- 
ber of seminal roots for the former 
from large seed being 3.7 as compared 
wdth 3.5 for the small seed. Plants 
from large seed of Hard Federation 
averaged 3.6 seminal roots and those 
from small seed 3 2 seminal roots. 

Figure 4.— “Percentage of plants of Turtey Trioriif'p A 'tliA pePppl" csi’/a 

wheat with different numbers of seminal riwUie D SnOV S tUe eneCt OI SeCQ SlZC 

roots when grown at soil temperatures of 25 ° on the seminal-root frequency of Hard 

Federation. More than 80 percent 

of the plants from small seed had but three seminal roots, while less 

than 50 percent of the plants from large seed had as few^ as three. 

Robbins {10) found that the first pair of seminal rootlets appeared 
in the embryo about 4 weeks after pollination, and IMcCall (8) observed 
that wheat embryos varied in number of seminal-root primordia and 
that many did not show" all six roots. 

The nunaber of seminal roots was determined on Puiplestraw 
wheat seedlmgs from seed harvested 13, 20, and 30 days after flowwing 
and cured in the shock. The results are showm in figure 7. The 
seed harvested 13 days after flow-ering produced about 50 percent 
of plants with three seminal roots and 15 percent with four seminal 
roots. The remainder were one- and two-root plants. The seed 
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harvested 20 days after flowering produced plants more than 60 
percent of which had four seminal roots, and the seed harvested 30 
days after flowering produced 
almost 70 percent of plants with 
five seminal roots. That these three 
seed lots dififered decidedly in 
seminal-root production is evident, 
but whether these differences are 
due to the ages of embryos or to dif- 
ferences in food reserves is unknown 


COLEOPTILE-NODE ROOTS 

The coleoptile-node roots, aris- 
ing from just above the coleoptile 
node, are easily mistaken for sem- 
inal roots because in size and po- 
sition they are so close to the true 
seminal roots. The number of the 
coleoptile-node roots appears to be 
related to food reserves. The re- 
lation of seed size, seeding depth, 
and age of embryo from pollina- 
tion to the number of the coleoptile-node roots is showm in figure 8. 



2345 2345 

NUMBER OF SEMINAL ROOTS 

Figure 5 —Percentage of plants with different 
numbers of seminal roots from seed of Hard 
Federation wheat sown 20 mm and 75 mm deep. 


The number of coleoptile-node 


90 


80 


LARGE SEED 

SMALL SEED 


n . . 


roots was much less from small 
seed and deep seeding, the effects 
of these conditions being about 
equal. Seed harvested 13 days 
after flowering produced plants 
with but few coleoptile roots as 
compared with seed harvested 20 
and 30 days after flowering. 

DISCUSSION 

Temperature and depth of 
seeding both have a marked influ- 
ence on the morphology of the 
seedling wheat plant. ^Yhen the 
seed was sowm only 18 mm deep, 
much longer coleoptiles were pro- 
duced at 20° and 24° than at 12° 
and 16° C. Deeper seeding, at 
45 mm, however, was an even 
more potent factor than high tem- 
perature in increasing coleoptile 
length, both Hard Federation 
and Turkey having longer cole- 
5 6 3 4 5 6 op tiles at 12° in the deeper seed- 

NUMBER OF SEMINAL ROOTS PER PLANT ing than at 24° in the shallow 
Figure 6 — Percentage of plants with different num- seeding. The effect of dccp Seed- 
Fedefau^ ing on the length of the subcrowm 

internode showed a similar trend, 
but temperature here apparently exerted more influence. A mor- 
phological study of either of these two characters without considera- 
tion of the seeding depth would be incomplete. 
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Tlie effect of the position of the crown with relation to the soil 
surface on the later behavior of the plant has been little investigated. 
Locke and Clark (7) have shown that in dry regions, when the crown 
lies in dry soil, crown roots do not form. This was also noted by 
Webb and Stephens (14)- A high-crowning variety, or environ- 
mental conditions that result in high crowning, would emphasize 
this reaction. Kossowitsch (S) cites field measurements showing 
that the plants that were winter-killed had much shallower crowns 
than those that survived. The wide differences between Hard 



Figure 7 — Percentage of Purplestraw seedlings with one to six seminal roots from seed harvested at three 

intervals after flowering. 

Federation and Turkey in crowning habit, shown in these experi- 
ments and also by Webb and Stephens (14)) indicate clearly that 
variety plays an important role. 

The results here presented suggest that certain varietal differences 
in seedling wheat plants are largely determined by the degree of 
response to the temperature factor. The detrimental effects of too 
early sowing of winter wheat at a time when soil temperatures are 
still relatively high may well be caused, in part at least, by the effect 
of high temperature on crown position. The shallower crowns may be 
placed in drier soil, resulting in poor crown-root development. Later, 
cold injmy may result from less protection or from poor root anchor- 
age. These same factors would also be operative in periods of drought. 
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At favorable temperatures, Turkey possesses a decided tendency to 
develop a tiller and second crown from the coleoptile axillary bud. 
The crown resulting from this is usually located deeper in the soil than 
the main crown and, according to the observations of Kossowitsch 
(5), is less liable to winter injury. This second crown is therefore an 
additional safeguard. An analysis of varieties, both from the stand- 
point of temperature reactions in subcrown-internode elongation and 
in tendency to development of the coleoptile tiller, would seem useful 
as a basis for further improvement. 

The slow development of the crown root system of Turkey may be 
one major reason 
why this variety often 55 
shows greater winter ^ 
injury or killing in the P 
eastern humid region y 
than some of the vari- g 
eties known to be less & 
hardy at low temper- ^ 
atures. Heaving of ^ 35 
plants from the g 
ground is conmion, u 30 
and in many years p 
may be more serious o 
than injury from low Ij 
temperatures alone. 8 

The importance of r 
the seminal roots dur- ^ 
ing the entire hfe cy- ^ 1 0 
cle of the wheat plant z 
has been well demon- 3 5 
strated by Simmonds ^ 
and Sallans ( 11 ) 0 

and by Todaro (I8). 

Whether it is impor- 
tant that the young 
seedling should have 
more than three sem- 
inal roots is entirely 
speculative in the 

light of Resent kno wl- j'jqure S.— Effect on number of coleoptile-node roots of the size ef seed, 
edge. On the basis depth of seeding, and age of seed from flowering. 

of vigor, it could be 

assumed that a greater number is preferable. If so, this can be as- 
sured through seed quahty, as measured by size and maturity. 

SUMMARY 

Temperatures of 24° and 20° C. increased the length of the coleop- 
iiles of seedlings of Hard Federation and Turkey wheat as compared 
with temperatures of 16° and 12°. Deep seeding (45 mm) was more 
effective, however, than temperature in increasing the coleoptUe length. 

The length of the subcrown internode was also increased by both 
the high temperatures and the deeper seeding. In all comparisons^ 
Hard Federation had a longer coleoptile and a longer subcrown inter- 
node than Turkey. 
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Coleoptile tillering seldom occurred at 24° or at 20° C., while at 
16° approximately 50 percent of the Turkey plants tillered from the 
coleoptile node, and at 12° the percentage increased to more than 80. 
Hard Federation, however, tillei'ed rarely from tliis node, as the highest 
percentage of plants with coleoptile tillers was but four. 

The number of seminal roots of Turkey was increased by germinat- 
ing the seed at 25° C. as compared with 15°. Large seed and well- 
matured seed also increased the number of seminal roots. Witli 
deep seeding (75 mm) the number of seminal roots was much less than 
with shallow seeding (20 mm deep). 

LITERATURE CITED 

(1) Clark, J. A , Martin, J. H , and Ball, C. R 

1922. CLASSIFlC.\TION OF AMERICAN WHEAT VARIETIES U. S. Dept. 

Agr. Bull. 1074, 23S pp., illus. 

(2) Dickson, J. G. 

1923. INFLUENCE OF SOIL TEMPERATURE AND MOISTURE ON THE DEVELOP- 

MENT OF THE SEEDLING-BLIGHT OF WHEAT AND CORN CAUSED 
BY GiBBERELLA SAUBiNETii. JoLip Agi Research 23: 837-870, 
illus. 

(3) Friedberg, R, 

1932. contribution a l’etude du tallage du ele; relation entre 

L-A. PROFONDEUR DU NCEUD DE TALLAGE ET LA RESISTANCE AU 

FROiD. Ann. Agron. 2 (u. s.) [213]-228, illus. 

(4) Gladkii, M F., and Lykhvar, D F. 

1927. [TILLERING BELOW THE CROWN AT THE SEED IN CEREALS ] NaUCll. 

Agron. Zhur. (Jour. Landw. Wiss.) 4 (5-6) 355-369, illus. 

[English summaij', pp. 368-369.] 

(5) Kossowitsch, P. 

1894. ABHANGIGKEIT DER BESTOCKUNGSTIEFE DER GETREIDE ARTEN VON 
EiNiGEN WACHSTHUMSFAKTOREN. Forschuiig auf deiii Gebioto 

Agr.-Phys. 17: 104-116. 

(6) Leukel, R. W. 

1924. EQUIPMENT AND METHODS FOR STUDYING THE RELATION OP SOIL 

TEMPERATURE TO DISEASES IN PLANTS. Phytopathology 14: 
[3S4]-397, illus. 

(7) Locke, L. F., and Clark, J. A. 

1924. development op wheat plants from seminal roots. Jour. 
Amer. Sue. Agron. 16: 261-268 illus. 

(S) McCall, M. A. 

1934. developmental anatomy \nd homologies IN WHEAT. Jour 
Agr. Research 48: 2S3-321, illiis. 

(9) Percival, j. 

[1921]. THE WHEAT PLANT, A MONOGRAPH. 463 pp., iUuS. Loildon. 

(10) Robbins, W. W. 

1931. THE BOTANY OF CROP PLANTS, A TEXT AND REFERENCE BOOK. 

639 pp , illus. Philadelphia. 

(11) SiMMONDS, P. M. and Sallans, B. J. 

1930. ROOT AMPUTATIONS IN THE STUDY OP ROOT-ROTS OP CEREALS. 

Canad Phytopathological Soe Proc 1929 33-43, illus. 

(12) Tavcar, a. 

1930. THE DETERMINATION OF THE RESISTANCE OFFERED BY" CEREALS TO 

THE COLD Bull. Internatl. Assoc. Plant Breeders 3: 111-112. 

(13) Todaro, F. 

1931. LA SUR VI VANCE DE LA RACINE EMBRYONNAIRE DANS LE BLK. 

Ztschr. Zuchtung (A, Pfianzenzuchtung) 17: [80]-83. 

(14) Webb, R. B., and Stephens, D. E. 

1936. CROWN AND ROOT DEVELOPMENT IN WHEAT Y’ARIETIES, JOUP. Agr. 

Research 52: 569-582, illus. 

(15) WiGGANS, R. G. 

1916. THE NUMBER OP TEMPORARY ROOTS IN THE CEREALS. Jour, 
Amer. Soc. Agron. 8: 31-37, illus. 



CROWN AND ROOT DEVELOPMENT IN WHEAT 
VARIETIES ' 

By R. B. Webb, formerly jwmor agronomist, Division of Cereal Crops and Diseases, 

and junior agronomist, Oregon Agricultural Experiment Station, and D. E 

Stephens, senior agronomist, Division of Cereal Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Spring grains grown under extremely dry soil conditions in certain 
parts of the Columbia River Basin often do not form crown roots but 
grow to maturity from seminal roots alone. Even fall-sown wheat 
occasionally may mature vith few or no crown roots if it is sown 
shallow or if it emerges late in the fall and the follo\\ing spring is dry 
When the crown roots fail to develop, yields are reduced, and the plants 
break over at maturity just below the soil surface. Observations of 
the varieties grown at the Sherman Branch Experiment Station, 
Moro, Oreg , have indicated that there is an apparent varietal varia- 
tion in elongation of the subcrovui internode that determines the depth 
of the tillering nodes from which the crowui roots develop. This 
suggests a possible correlation between the depth of the tillering nodes 
or crovm and hardiness in wheat varieties, and the possibility that 
varieties may differ in the rate and abihty to form crown roots under 
certain cultural and enrfronmental conditions. 

This paper presents the results from studies on some of the factors 
determining crown and root development, based on the examination 
of approximately 125,000 plants. The studies were started without 
the loiowdedge that somewhat similar investigations had been made 
by Tav5ar^(i-^) - and_Friedberg (4) in Germany. 

REVIEW OF LITERATURE 

Taylor and McCall { 15 ) have presented a review of the literature 
on e^'ect of emironmental factors on morphology of the wheat seed- 
ling. From experiments under controlled conditions they show that 
the subcrown internode and coleoptile elongate more wRen wReat is 
grown at higher temperatures than wRen it is grown at temperatures 
of C. or lownr. They also show" that in deeper planting the 
crowns form deeper in the soil. 

Weaver { 16 ) found that crown-root development in wReat plants 
began with the appearance of tillers. Janssen (7) states that in 
winter wReat all new^ roots in the spring develop from the crown of 
the plant and not from old roots. 

Worzella (i7), in a recent investigation on root development, found 
that the nonhardy varieties of wReat had a tendency to root horizon- 
tally, wRereas the hardy varieties rooted obliquely or straight down- 
w^ard. 

1 Rejselved for publication Oct 5, 1935; issued May, 1936 Cooperative investigations between the 
Division of Cereal Crops and Diseases, Bureau of Plant Industry, U S. Department of Agriculture, and 
the Oregon Agricultural Experiment Station 

2 Reference is made by number (italic) to Literature Cited, p. 583. 
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Many investigators have stated or implied that the seminal roots 
are only temporary. Others, however, notably Krassovsky (5) and 
Cravzov (S), contend that the temporary root system of cereals lives 
and functions until the death of the plant. Krassovsky found that in 
wheat salt absorption continued in the seminal roots throughout the 
vegetative period, reaching its maximum near the time of heading, 
when the main stem attains its maximum growth. She found a rela- 
tion between the seminal roots and the main stem and between the 
crowm roots and the tillers. 

The conunon opinion among many investigators, including Carle ton 
(f ), Robbins {IS), Locke and Clark {9), and Rabotnowa {12), was that 
the crown-root system is formed from nodes at a rather constant 
depth below the soil surface no matter how deep the seed is sowm. 
Robbins states that the crown roots are formed at a depth of 1 inch 
below the surface, and Locke and Clark state that the crown roots 
arise usually just below the surface of the soil. 

Govorov {6), Tav6ar {14), and Friedberg {4) found that the depth 
of the tillering node varied with the variety and that the deeper situ- 
ated tillering node was associated with winter hardiness. Dickson 
(S) and McEunney {11) found that the depth of the tillering node 
varied with different environmental factors, such as depth of seeding, 
amount of light, and temperature. 

Friedberg {4) found that the tendency to produce tillers from the 
coleoptile node, which is a varietal character, allows of recovery after 
the growing point has been destroyed by frost; this explains why some 
varieties, although susceptible to frost, recover better than other 
varieties of equal susceptibility that seldom develop tillers from the 
coleoptile. 

Gladkii and Lykhvar {5) found that varieties differed in ability to 
develop tillers from the coleoptile node and that the extent of develop- 
ment of tillers from this node increased with injury to the crown 
tillers. 

EXPERIMENTAL METHODS 

Varieties of winter and spring wheat were seeded at Moro, Oreg., on 
several dates dm-ing the year in order to get germination imder differ- 
ent light and temperature conditions. After crown or root formation, 
which took place from 2 to 4 w'eeks after emergence, the tops of the 
plants were cut even with the ground with a sharp knife or scissors, 
and the crowms and subcrown internodes of the plants w^ere dug. The 
distance from the seed and crowm of each plant to the surface of the 
soU w^as recorded in millimeters. The difference is the length of 
the subcrown internode. 

The term “seminal roots” is used in this paper to include those roots 
wRich form at the seed. According to McCall {10), the roots that 
arise from the coleoptile node are not true seminal roots. However, 
under field conditions it is difficult to distinguish them from the true 
seminal roots, primordia of which are present in the embryo. Crowm 
roots are those that form at nodes above the coleoptUe node. The 
internode above the coleoptile node, which elongates to determine the 
position of the crowm, is the subcrowm internode. The crowm is the 
series of nodes with short internodes that forms usually below the 
surface of the soil. A tiller may be formed from each node in the 
crowm, the number of tillers thus being determined by environment 
and variety. 
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EXPERIMENTAL DATA 

VARIETAL VARIATION IN DEPTH OF CROWN 

In 1931 a study was begun to determine the variation in crown 
depth of the winter wheat varieties in the plot trials at Moro., Oreg. 
These varieties were sown with a grain drill on October 15, 1930, and 
emerged November 6. At least 50 plants were examined in the spring 
of 1931 from each of three locations on each of three plots, or a total 
of 450 plants of each variety. 

The study was continued in 1932, when 350 plants of each of the 
same varieties were examined. All varieties were sown with a grain 
drill on October 28, 1931, but owing to dry soil and cold weather, they 
did not emerge until early in March 1932. 

The average depth of crown and length of the subcrown internode 
for the 25 varieties are given in table 1. The maximum and the 
minimum depths of crown found on any plants in 1931 are also given. 

The data in table 1 show that the varieties ranked in about the 
same order for depth of crown in the 2 years. The varieties ranked 
in nearly inverse order for average length of subcrowui internode, 
indicating that the depth of seeding averaged nearly the same for all 
varieties. The maximum and minimum ovown depths found in plants 
of the same variety in 1931 show that considerable variability may 
occur. 

Table 1. — Depth of crown and length of siihcrown inter node of 25 varieties of winter 
wheat grown in the field at Moro, Oreg., in 1931 and 1932 


Variety 

C. I 
no • 

Depth of crown 

Length of subcrown 
internode 

Maxi- 

mum 

1931 2 

Mini- 

mum 

Aver- 

age 

Aver- 

age 

for 

19323 

2-year 

aver- 

age 

1931 2 

1932 3 

2-year 

aver- 

age 



Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Rio 

10061 

90 

38 

51 

46 

48 5 

12 

13 

12.5 

Golden 

10043 

80 

33 

54 

39 

46 5 

8 

21 

14.5 

Oro 

8220 

80 

30 

49 

43 

46.0 

11 

17 

14.0 

Turkey selection 

11425 

76 

25 

47 

41 

44 0 

13 

21 

17.0 

Kanred . - 

5146 

75 

27 

46 

39 

42 5 

14 

20 

17.0 

Kharkof 

8249 

79 

30 

46 

38 

42 0 

15 

22 

18.5 

Turkey (local) 

i 4429 

77 

24j 

47 

37 

42 0 

11 

27 

19.0 

Irabler. 

i 10066 

75 

28 

46 

38 

42.0 

12 

26 

19.0 

Triplet - 

5408 

71 

27 

46 

36 

41.0 

9 

26 

17.5 

Turkey 

1571 

69 

‘25 

44 

36 

40 0 

14 

24 

19 0 

Turkey selection 

11424 

75 

25 

46 

34 

40 0 

14 

31 

22.5 

EUarkof 

1442 

71 

25 

41 

36 

38 5 

16 

24 

20 0 

Fortyfold selection 54 

10064 

70 

23 

41 , 

36 

38.5 

21 

20 

20 5 

Ridit. 

6703 

78 

18 

40 

36 

38.0 

21 

25 

23 0 

Arco - 

8246 

76 

20 

43 

33 

38 0 

25 

32 

28 5 

Rex 

10065 

60 

20 

40 

34 i 

37 0 

20 

32 

26 0 

Fortsdold selection 29 

10062 

65 

28 

41 

33 

37 0 

20 

31 

25 5 

P1068 X Preston. . 

8244 

70 

21 

36 

36 

36 0 

23 

24 

23 5 

Hybrid 128... 

4512 

60 

20 

40 

32 

36.0 

IS 

25 

21.5 

Arcadian X Hard Federation 

11426 

60 

IS 

41 

31 

36 0 

15 

28 

21 5 

White Odessa 

4655 

65 

17 

37 

32 

34 5 

20 

28 

24.0 

Fortyfold X Federation 

8247 

65 

20 

38 

31 

34,5 

28 

28 

! 27.0 

Kanred X Marquis 

11423 

69 

21 

37 

25 

31.0 

24 

40 

32.0 

Fortyfold X Hard Federation. 

11422 

60 

18 

36 

26 

31.0 

20 

43 

31.5 

Federation 

4734 

35 

8 

24 

22 

23.0 

28 

38 

33 0 


1 C. I. refers to accession number of the Division of Cereal Crops and Diseases 

2 Average of 450 plants. 

’’ Average of 350 plants. 
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Varieties of the Crimean or Turkey group, and Golden, a selection 
from Goldcoin, had the deepest crowns. ^ Oro, Rio, and Golden formed 
crowns more than 45 mm, or nearly 2 inches, below the soil surface. 
Federation, the only spring variety sown, formed crowns only about 
23 mm, or less than 1 inch, below the soil surface (fig. 1). 

Twenty-one winter wheat varieties were sown in nursery rows on 
October 17, 1933. Approximately 200 plants from each variety were 
examined in the spring of 1934. Table 2 gives their average depth of 
crown and length of subcrown internode. The average depth of crown 
ranged from 53 nun in Togo and Turkey selection (C. I. 10016) to 28 
mm in Federation. In this experiment, as in those made previously, 
the more winter-hardy wheats of the Turkey type formed their crowns 
deeper than did the less hardy, soft white wReats. 



FinuKE 1.— Variation in crown depth of two wheat varieties (.'1, Rio, B, Federation) sown on the same date 
and at the same depth The plants were cut at the soil surface. 


Observations wnre made on depth of crown of 350 plants of each 
of 12 spring wheat varieties sown in the field at Moro on Alarch 11, 
1931. Similar results were obtained from the same varieties sown 
March 29, 1932, w'hen 200 plants of each variety were examined. 
Table 3 gives the data for these spring wheat varieties. The crowns 
were formed nearer the soil surface than in the winter wheat varieties, 
and the differences in crown depth betwreen varieties were smaller, the 
greatest being only 5.5 mm. The varieties, however, held about the 
same relation in the 2 years, indicating that spring wheat varieties do 
differ in the depth at which they crown. 
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Table 2. — -Depth of crown and length of subcrown interytode of 21 varieties of winter 
wheat grown in nursery rows at iMoro^ Oreg.^ sown Oct 17, 1933 


Variety 

C I 
no 

Depth 

of 

crown ' 

1 Length 
j of sub- 
crown 

1 inter- 
node 1 

YogO- . -- - - 

S033 

Mm 

53 

Mm 

9 


10016 

53 

8 

Oro - -- 

8220 

50 

4 

Rio - - 

10061 

50 

8 

Turkey selection . ■ 

11376 

47 

9 

Mmbardi-- 

5149 

47 

12 

Golden 

10063 

47 

14 

K hark of 

8249 

46 

13 

Kanred 

4156 

45 

12 

Turkey selection 

1532 

44 

15 

Ridit 

6703 

42 

1 15 

ReY 

10065 

41 ; 

1 ^ 



j 

; Lenglti 


I 

Variety | 

1 

C.I 

no 

Depth 

of 

crown ' 

Length 
of sub- 
CTOwn 
inter- 
node 1 



Mm 

Mm 

Albit.. 

8275 

40 

IS 

Triplet selection R4-29 - . 


39 

23 

White Odessa . J 

4655 

39 

21 

Hybrid 128 1 

4512 1 

38 ! 

19 

Turkey X Flore nee N j 


! 


No 932 1 


3S j 

20 

Fortyfold X Federation. _ 

^S24f 

36 i 

23 

Hard Federation X ' 




Martin 

11488 

32 


Fortyfold X Hard Federa- 



i 

tion - 

11422 

i 32 

25 

Federation. 

4734 

1 

; 31 

1 


I Average of 200 plants 


Table 3 — Depth of crown and length of suhcrown internode of 12 varieties of spring 
wheat grown in the field at Moro, Oreg , in 1931 and 1932 


Variety 

C I 

i 

Depth of crown ' 

Length of subcrown 
internode 

no 1 

[ 19311 

1932 2 

1 

2-year 

average 

1 

19311 1 

1932 2 

2'year 

average 

Alarqms - 

4158 

Mm 

31 

Mm 

27 

Mm 

29 0 

1 Mm 1 
22 

Mm 
' 31 

Mm 

26 5 

Pacific Bluestem 

4067 

30 

25 

27.5 

24 ' 

1 33 

28 5 

Baart X Federation ! 

8254 

28 

25 

26 5 

24 

33 

28.5 

Baart 

1697 

28 

25 

26 5 

25 : 

33 

29 0 

Onas — 

6221 

27 

24 

25 5 

26 

35 

30 5 

Federation. 

4734 

27 

24 

25. 5 

30 

36 

33 0 

Hard Federation selection 82 1 

11421 

27 

23 

25 0 

30 1 

34 

32 0 

Hard Federation selection 79 

11420 : 

27 

23 

25 0 

30 

42 

36.0 

Hard Federation 

4733 

26 

23 

24.5 

31 

37 

34 0 

Hard Federation selection 71 

8256 

27 

22 

24 0 

31 

35 

33 0 

Hard Federation 31 1 

8255 

27 

22 

24 5 

31 

37 

34 0 

White Federation -I 

4981 

25 

22 

23 5 

30 

39 

34 5 


1 Average of 350 plants 

2 Average of 200 plants 


VARIETAL VARIATION IN SUBCROWN PARTS 

The internode above the coleoptile node usually is the only one to 
elongate below the crown in wheat plants. Under some conditions, 
however, one or more intemodes above this one may elongate, and 
roots and a tiller may develop from each node. 

Five wheat varieties were sown in small flats on May 14 and July 1, 
1931, at iMoro. After crowns had formed, 200 plants of each were 
examined to determine (1) the number of plants with two or more 
internodes immediately above the coleoptile node that had elongated 
and (2) the average length of these internodes. The data obtained 
are recorded in table 4. In these seedings some plants in all varieties 
elongated in two internodes, but only Golden produced many plants 
that elongated in three internodes. 


64964—36 2 
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Table 4. — Percentage of plants with i, 3, or 3 elongated internodes above the cole- 
ophle node^ and the average length of each tnternode, for several wheat varieties 
grown in Oregon under various conditions 


Item 

C I 
no 

Depth 
of seed 

First elongated 
mternode 

Second elongated 
mternode 

Third elongated 
mternode 

Plants 

Length 

Plants 

Length 

Plants 

1 

Length 

Grown in field' 





1 




O 

o 


Mm 

Pet. 

1 Mm ' 

Pet. 

Mm 

Pet. 

Mm 

Federation 1 

4734 

64 

100 

46 

28 

14 

4 

6 

Baart -.| 

1697 

67 

100 

51 

26 

15 

6 

3 

Hard Federation 

4733 

66 

100 

54 

28 

12 

1 

4 

Golden 

10063 

61 

100 

39 

29 

11 

13 

23 

Rio._- 

10061 

66 

100 ' 

41 

6 

15 

1 

14 

Moro, 1933 2 









Federation 

4734 

92 

100 

75 

74 

11 

3 11 

3 

Hybrid I2S 

4512 

99 

100 

62 

79 

16 

1 

1 

RiO-.- 

10061 

98 

100 

47 

27 

15 

1 

IS 

Oro 

8220 

98 

i 100 

48 

35 

15 

0 

.. 

Corvallis, 1933 2 



1 






Oro 

8220 

119 

1 100 

75 

23 

23 

0 



Golden 

10063 

113 

1 100 

69 

64 

23 

10 

2 

Grown in greenhouse 


I 

1 

1 






Corvallis. 1933 2 



1 






Federation 

4734 

1 88 

I 100 

1 "0 

25 

17 

0 


Oro- 

8220 

1 102 

1 100 

i 

1 7,5 

.56 

22 

32 

4 


1 Seeded May 14 and July 1; 200 plants of each variety were examined. 

2 About 100 plants of each variety were examined 

3 3 plants had 4 elongated internodes each. 


Table 4 also gives data recorded in 1933 at Moro and Corvallis, 
Oreg., relative to elongation of second and third internodes above the 
coleoptile node. 

The tendency of wheat plants to elongate in two or three internodes 
has been observed under various conditions, but the elongation 
occurs more frequently in plants seeded deep or under high tempera- 
tures. 

In many varieties some plants were observed to form tillers from 
the axil of the coleoptile. This tendency seems to vary with varie- 
ties and with environmental conditions. Under certain conditions, 
as high as 50 percent of the plants in some varieties developed a 
tiller from the coleoptile node. It is possible for the coleoptile tiller 
to continue growth after the main crown is entirely removed. The 
development of the coleoptile tiller may be a distinct advantage to 
plants in recovering after the crown has been badly injured. 

About 200 plants each of 21 winter wheat varieties growm in field 
plots at Moro were examined in the fall of 1934. The number of 
plants with coleoptile tillers developed was recorded, and the results 
are given in table 5. Plants with coleoptile tillers were more abun- 
dant in 1934 than in any previous year. The low temperatures and 
slow growth of the varieties apparently were favorable to the forma- 
tion of coleoptile tillers, as w’-as found by Taylor and McCall {IS). 



Apr. 15, 1936 Crown and Root Development in Wheat Varieties 


575 


Table 5. — Percentage of 'plants with coleophle tillers in 21 varieties of winter wheat 
grown from seed sown in field plots Oct, 6, 1934, at Moro, Oreg. 


Variety 

C. I 
no. 

Percentage of 
plants with'coleop- 
tile tillers i 

Variety 

C I 

Percentace of 
plant s with coleop- 
tile tillers * 

Nov. 

23 

Dec. 

4 

i 

Aver- 

age 


no 

Nov I Dee. 
23 j 4 

Aver- 

age 

Turfeey selection 

11425 

SO 

85 

83 

Hvbrid 12S. 

4512 

52 1 60 


Do 

10016 

68 

81 

75 

Hj'brid 128 X White 




Blackhull - 

6251 

64 

86 

75 

Odessa . 

11607 

34 1 75 


Rex 

10065 

64 

84 

74 

Rio . 

I 10061 

51 58 

55 

Marquis X Kanred 

11423 

60 


69 

Turkey selection 

11424 

45 i 61 

53 

Turkey (local).- .. 

4429 

53 

75 

64 

Federation. 

4734 

38 ‘ 64 

51 

Ridit 

6703 

54 

65 

60 

Oro . - 

8220 

43 1 56 

50 

Kharkof.. ... 

8249 

53 

65 

59 

Cheyenne .. 

SSS5 

39 ! 51 

45 

Turkey 

1571 

55 

63 ! 

59 

Fortyfold X Hybrid 128. 

11700 

43 ' 47 

45 

Kharkof 

1442 

45 

69 

57 

1 Golden. ... 

10063 

39 1 48 

44 

Triplet 

5408 

48 

65 

57 

Fortj.’told X Federation. 

S247 

28 ] 48 

i 

3S 


1 Based on 100 plants e\.amined in each variety on each date 

INFLUENCE OF DATE OF SEEDING ON DEPTH OF CROWN 

Baart and Federation spring wheats were sown at 10- to 15-daT 
intervals during the spring and summer of 1931. Each variety was 
seeded about 43 and 65 mm deep. The depths of the crowns for the 
various seedings are shown in table 6. The crovms formed much 
shallower during the summer, when temperatures were high, than 
during the spring or early fall, when lower temperatures prevailed. 

Kio and Golden winter wheats and Hard Federation spring wheat 
were sown on November 2, 1930, and on several dates in 1931.^ As 
shown in table 6, each of the three varieties had comparatively 
shallow crowns except when sown on November 2, 1930, and March 
14, 1931, when temperatures were low. 

Table 6. — Depth of crown of wheat varieties sown at various depths on several dates, 
and average air temperatures from seeding to 1 week after emergence, at Moro, 
Oreg., 1930-31 


Depth of crown of wheat varieties sown at indicated 
average depth 


Date of sowing 

Average 
air tem- 
perature 

Average 
depth of 
crown 

Winter varieties 

Spring varieties 

Rio 

(65 mm) 

Golden 
(63 mm) 

Hard 

Federa- 

tion 

(64 mm) 

Baart 

Federation 

43 mm 

65 mm 

42 mm 

64 mm 

1930 

op 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 


35 

43 

51 

54 

24 





1931 










Mar 14 ! 

44 

130 and 241 

53 

49 

22 

25 

32 

23 

39 

Apr. 6 ... 

49 

30 1 




30 

32 

23 

34 

IVIayl 

58 

22 




20 

23 

22 

23 

May 14 ._i 

61 

20 




20 

20 

18 

20 

July 1 

68 

20 

31 

22 

s 





Aug. 2 .j 

68 

15 



12 

16 

is'! 

18 

Ang 5 

68 

IS 

25 

18 

12 



1 


Aug. 16 

70 

115 and 219 

21 

21 

14 ! 

13 

14 

is ’ 

17 

Sept. 4 j 

58 

119 and 222 

23 

26 

IS i 

18 

18 

17 i 

21 

Average 


1 

34 

32 

16 i 

20 

22 

19 1 

25 


I Baart and Federation. 

3 Rio, Golden, and Hard Federation. 
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In 1933 four wheat varieties were sown at approximately 15-day 
intervals from July 26 to November 28. During this period daily 
maximum and minimum sod and an temperatures were recorded. 
The soil temperatures were obtained from a thermometer with the 
bulb placed about 2 inches below the soil surface. Shallow and deep 
seedings were made of each variety on each date. Table 7 shows 
the data obtained, including the depth of crown and seed for each 
variety under both shallow and deep sowing, and the average soil 
and air temperatures from date of seeding to 1 week after emergence. 


Table 7. — Depth of crown of four wheat varieties sown shallow and deep on several 
dates during the summer and fall of 1933, and the average mean air and soil 
temperatures from seeding to 1 week after emergence, at Moro, Oreg. 





a 

Depth of crown and seed, m millimeters, of indicated wheat variety sown 
shallow and deep 

Date of seeding 

A-verage 

temper- 

ature 

o 

S 

*3 

Federation 

Hybrid 128 


Rio 



Oro 






Shallow 

Deep 

Shallow 

Deep 

Shallow 

Deep 

Shallow 

Deep 



3 

X 

a 

Si 

1 

i ^ 

- 

s: 

c 

C 


d 

Ss 

3 

'Xi 

> i 

^ I n 

^ 1 2 

O '.0 


1 

K 

Crow n 

Xl 

c 

X 

Crown 

1 

X 

Crown 

Seed 

July 26 

71 

76 

Mm 

21 

12 

48 

17 

92 

17 U 

22 

87 

20 

39 

27 

88 

22 

39 

29 

89 

Aug. 15. 

77 

84 

22 

12 

50 

16 

SI 

18 1 48 

23 

79 

22 

48 

28 

S6 

23 

45 

30 

85 

Aug. 31 

60 

f>6 

26 

IS 

37 

21 

85 

21 ' 40 

25 

82 

27 

42 

31 

83 

29 

45 

35 

87 

Sept 20 

54 

56 

39 

22 

48 

30 

99 

33 1 48 

37 

99 

44 

52 

51 

98 

44 

51 

50 

98 

Nov 14 

42 1 

39 

41 

26 

53 

31 

105 

35 1 56 

41 

101 

46 

56 

52 

87 

43 

52 

50 

78 

Nov 2S 

j 37 

39 

42 

26 

47 

30 

81 

36 j 52 

42 

86 

48 

55 

52 

82 

42 

47 

58 

82 

Average. 

( 

i 

i 

i 

ly 

47 

24 

1 

! 91 

27 j 4S 

32 

;ir 

35 

49 

40 

87 

34 

47 

42 

87 


As in pre^dous years, the crowns of all varieties were much shallower 
when sown during the warm smnmer weather. The crowns were 
deeper, especially in the vinter wheats, from the seedings made in 
the period from September 20 to November 28, when temperatures 
were lower. In the first few seedings, cro^\n roots started about 3 
to 4 weeks after seeding, whereas in the later seedings, a longer period 
was required before these roots started. 

INFLUENCE OF DEPTH OF SEEDING ON DEPTH OF CROWN 

Baart and Federation sprmg wheats were sown about 43 and 65 
mm deep on April 12, 1931. The average air temperature from seed- 
ing to 1 week after emergence was 52° F. An examination of 250 
plants of each variety from each depth of seeding showed that the 
crowns averaged 25 nmi in the shallow seeding and 31 mm in the deep 
seeding. 

Four varieties of wheat were sown at thi-ee depths in the field at 
Corvallis, Oreg., on March 21, 1933. The average depth of the 
crowns of 150 plants of each variety at each depth of seeding is given 
in table 8. The difference in crown depth between shallow-seeded 
and deep-seeded wheat is shown in figure 2. 
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Table S. — Depth of seed and crown in four wheat varieties sown at three depths in 
the field at Corvalhs, Oreg.y Mar. 21, 1933 



1 Average depth of crowns of 150 plants of— 

1 

i 

Federation 

Hybrid 128 

I Oro 

1 

1 

PlIO ^ Average 

1 

Shallow (39 mm) ^ 

Medium (59 mm) 

1 A/m 

IS 

i 2-1 

A/m 

21 

29 

I 

A/m i 

25 
99 

, A/m A/m 

23 22 

Deep (108 mm) 

29 

39 ; 

45 

43 39 

Average- j 

1 24 

30 

33 ^ 

31 



Figure 2 —Variation in crown depth, between sliallow (39 mm) seedrags of Oro wheat, shown on the left, 
and deep (90 mm) seedmgs, shown on the right, which were sown on the same date. Because of earlier 
L emergence, the shallow-seeded wheat Geft) is farther advanced in growth 

In the study on the effect of date of seeding on crown depth, made 
at Mor() in 1934, each variety was seeded at two depths, as already 
shown in table 7. In all cases the deep-seeded plants produced 
crowns deeper on an average than those seeded shallow. The differ- 
ence ranged from 3 to 16 mm, and the average depth of crov\Ti for all 
shallow^-seeded plants in this study was 28.8 mm and for those seeded 
deep 34.5 mm. 

Correlation coefficients between depth of seeding and depth of 
crown for Federation and Rio grown at More in 1932, are presented 
in table 9. A significant positive correlation was found between 
depth of seeding and depth of crown, especially with Rio, which 
crowns much deeper than Federation. 
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Table 9. — Correlation coefficients between depth of seed and depth of crown for 
Federation and Rio, grown at Moro, Or eg., 1982 


Variety 

' Depth of sowing 

1 

1 

Plants 

Correlation 
coefficient 
between 
depth of 
seed and 
depth of 
crown 

Federation 

Shallow. 

Number 

109 

0. 307±0. 088 

Do 

Deep 

105 

.459=b .077 

Rio - - --- 

Shallow - - 

53 

.671± .050 

Do 

Deep 

22S 

. 520± . 049 




Additional correlation coefficients were computed on part of the 
material grown at Corvallis, Oreg., in 1933. The varieties were 
separated into two groups, i. e., those normally shallow-crowned 



Fktuee 3.— -Effect of rain dnnng a dry spring upon the crown-root development of spring wheat (Baart) 
sown on ^.farch 9, 1934 Plants on the right were dug on April 21 and those at the left on April 26 A 
rain of 0 3 mch fell on April 24. Because of dry surface soil, there were no crown roots prior to the light 
rain, but 48 hours afterward well-developed crown roots had formed. 


and those normally deep-crowned. The correlation coefficient be- 
tween depth of seeding and depth of crown in 566 plants of the 
varieties that normally crown shallow was 0.753 ±0.013, and in 505 
plants of the varieties that normally crown deep, it was 0.765 ±0.011. 
The data show that there was a close relationsfiip between depth of 
seeding and the depth at which the crown was formed. 

VARIETAL, DIFFERENCES IN TIME OF CROWN-ROOT DEVELOPMENT 

Because of dry surface soil, spring wheats often do not form crown 
roots at Moro, Oreg. (fig. 3). Under these dry conditions, a variety 
that begins growth of its crown roots sooner than another may 
have a distinct advantage. 
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In the spring of 1931, and again in 1932, 50 plants each of the 
12 spring wheat varieties growTi in the varietal experiment were 
examined on foui' dates, at 2- to 3 -day intervals, to determine the 
percentage of plants on which crown roots were developing. The 
results, summarized in table 10, show that Federation and Onas, 
two high-yielding spring wheats at Moro, foimed their crown roots 
somewhat earlier than did the other varieties in the trial. 


Table 10. — Percentage of plants of 12 spring wheat varieties having well-developed 
crown roots early in May^ when varieties were sown Mar. 11 ^ 1931, and Mar. 29, 
1932, at Moro, Oreg. 


Vanety 

C. I, 
no. 

1 

Plants having well- 
developed crown 
roots on — 


C I. 
no. 

Plants having well- 
developed crown 
roots on — 

May 
2 to 

8, 

19311 

May 
3 to 
lU 

19321 

2-year 

aver- 

age 

Vanety ! 

Ma> 1 
2 to 

8, 

19311 I 

May i 
3 to 
11, 

19321 > 

2-year 

aver- 

age 



Per’ 

Per- 

Per- 



Per- 

Per- 

Per- 



cent 

cent 

cent 



cent \ 

cent 

cent 

Federation.., 

4734 

91 

71 

81 

Baart X Federation 

8254 


44 

51 

Onas 

6221 

81 

70 


Baart - 

1697 

58 : 

42 

50 

Pacific Bluestem 

4067 

65 

84 

75 

Hard Federation selec- 


W’'hite Federation 

4981 

59 

64 

62 

tion 79 

11^20 

49 

47 

48 

Marquis 

4158 

64 

48 

66 

Hard Federation. 

4733 

42 

60 

46 

Hard Federation selec- 




Hard Federation selec- 





tion S2 _ 

11421 

59 

50 

55 

tion 71.-_. ... 

8256 

47 

44 

j 46 

Hard Federation 31 

8255 

54 

52 

53 




1 200 plants of each variety. 


In the spring of 1934 a more extensive study of this nature was 
made on 10 of the 12 spring w’^heat varieties already studied. On 
March 9 the varieties were seeded in field plots with a grain drill. 
Counts were made on four dates of the number of plants with crown 
roots. These counts are recorded in table 11. Tins experiment was 
carried on under environmental conditions somewhat different from 
those in 1931 and 1932 in that the surface soil was so dry that crowm- 
root formation was slow until after a rain of 0.3 inch on April 24. 
Up to that time, Pacific Bluestem and White Federation produced 
more plants wdth crown roots than the other varieties, as is shown 
in table 11 under date of April 21. After the rain, crown-root for- 
mation was very rapid, and in the final examination of 600 plants 
Pacific Bluestem and Federation ranked first and second, as shown 
under date of April 26. The percentage of increase between the 
third and fourth dates is given in the last column and shows that 
the most rapid increase in crown-root formation after the rain was 
in Federation. 
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Table 11 — Percentage of plants of 10 spring wheat varieties having welUdeveloped 
crown roots on Apr. 12 ^ 16 ^ 21, and 26, token varieties were sonm on Mar. 9, 1934, 
at Moro, Oreg. 


Variety 

G. I 
no. 

Plants bavmg well-developed croi\ n roots on— 

Increase 
between 
Apr 21 
and Apr. 
26 3 

Apr 121 

Apr. Ifi 1 

Apr. 21 2 

Apr 26 • 

Average 

Pacific Bluestem 

Federation 

Baart X Federation 

White Federation.. . . 

Onas. - 

Hard Federation selection 71 

Baart . ... 

Hard Federation 

Hard Federation 31 

Marquis 

40t)7 

4734 

1 8254 

4981 
6221 
8256 
1697 
4733 
8255 
415S 

Percent 

27 

5 

b 

13 

13 

t 

11 

5 

6 

Percent 

17 

22 

29 

42 

32 

20 

20 

35 

28 

IS 

Percent 

52 

34 
38 
50 

42 
45 

43 
43 
32 

35 

Percent 

90 

89 

88 

86 

84 

83 

82 

82 

81 

71 

Percent 

54 

38 

41 

48 

43 

38 

37 

43 

37 

33 

Percent 

73 

162 

332 

72 

100 

84 

91 

91 

353 

103 


1 Approximately 250 plants of each variety 
- Approximately 600 plants of each variety 
3 Ram occurred on Apr 24 


In the fall of 1934, 200 plants each of the 21 winter w^heat varieties 
grown in the vaiietal experiment at Moro, Oreg., w^ere examined on 
tw^o dates to determine the percentage of plants with crowm roots 
developing. The results are given in table 12. It w^as found, as 
would be expected, that the rapid-growing, less hardy types of wheat 
formed thek crowm roots more rapidly than did the slow^-growing 
Turkey types. This suggests a possible reason w^hy in some localities 
certain soft winter w'heat varieties that grow" rapidly in their early 
stages and have a firmer root anchorage are better able to withstand 
injuiy from soil heaving than the slow"er growing, hardier Turkey 
types. 


Table 12 . — Percentage (A plaiits of 21 wheat varieties having well-developed crown 
roots on Nov. 23 and Dec. 4, when varieties wete sown on Oct. 6, 1934, at Moro, 
Oreg. 


Variety 

C, I. 

no 

! Plants bavmg 
j well-developed 

1 crown roots 

1 on— I 



!nov 23 

Dec. i 

Fortyfold X Federation- 

8247 

Percent 

79 

Percent 

87 

Federation 

4734 

62 

77 

Fortyfold X Hybrid 12S. 

11700 

35 ! 

69 

Triplet 

5408 

41 

64 

Golden 

10063 

58 

61 

Hybnd 128 

i 4512 

’ 19 

60 

Rex 

10065 

31 

58 

Blackhoii 

i 6251 

11 

48 

Ridit 

6703 

16 

38 

Hybrid 12S X W'hite 
Odessa 

11607 

17 

35 


Variety 

C I. 
no. 

Plants having 
well-develoiied 
crown roots 
on — 1 



Nov 23 

Dec 4 

Turkey selection 

10016 

Percent 

2 

Percent 

14 

Marqms X Xanred 

11423 

2 

7 

Turkey selection 

11425 

0 

4 

Do 

11424 

n 

3 

Turkey (local). 

4429 

0 

3 

Kharkof- 

1442 

0 

2 

Do 

8249 

2 

1 

Turkey 

1571 

1 

1 

Oro - 

8220 

1 

1 

Rio 

10061 

0 

1 

Cheyenne 

8885 1 

0 

1 


1 Based on 200 plants of each variety on each date. 


Further observations will be necessary before definite conclusions 
can be drawn as to the extent and importance of varietal variation 
in time of crown-root development, but the observations already 
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made indicate that the time after emergence at which these roots 
form and the rapidity of their growth are varietal characteristics. 

DISCUSSION 

The data presented in this paper and the results obtained by other 
investigators justify the conclusion that depth of crown is a varietal 
character in wheat. This character is greatly influenced, and 
varietal differences are sometimes obscured, by environmental condi- 
tions, especially soil temperature. No data were obtained on the 
influence of hght on crovm-root development, because no adequate 
light-control equipment was available. Light intensity may be a 
factor in influencing the position of the crown in a wheat plant, as 
indicated by Tavcar Friedberg (4), and others, but from the 

results reported in this paper it is believed that soil temperature is a 
much more potent factor. 

The depth of the crown and the character of the crowm-root growth 
in the early stages of growth of a wheat variety may have considerable 
effect on the extent of winter injury. Wheat varieties cannot defi- 
nitely be classified for hardiness, however, on crowning depth. 
Many factors are involved in winter hardiness, and depth of crown 
is only one. In two varieties otherwise equal in hardiness, the one 
with the deeper crown w^ould be better able to wuthstand low tempera- 
tures. It has been observed that differences in winter killing in the 
same variety sown deep and shallow may sometimes be quite marked, 
if the variety is one that normally crowms deeply. Better survival 
may be obtamed from deep seeding, because of the better protection 
to the crown or growing point. Of the wLeat varieties studied at 
Moro, Oreg,, for crowm depth, all of the deeper crowmed varieties 
are of the hardy Turkey wheats except Golden, w’^hich is only a 
moderately hardy selection from Goldcoin. All of the less hardy 
varieties, especially those with a spring habit of growth, had com- 
paratively shallow crowms. Depth of crowm varied from 48 mm 
for Rio to 23 mm for Federation in one experiment and from 53 mm 
for Togo and Turkey selection (C. I. 10016) to 28 mm for Federation 
in another. 

Ability to withstand low^ temperatures and winter injury from 
soil heaving may not be closely associated. A variety only mod- 
erately resistant to low" temperatures, w"ith an early and vigorous 
root growth, is better able to withstand injury from soil heaving 
than a variety very resistant to low" temperatures but with less 
vigorous root growth in its early stages. 

Small differences w"ere found in the crown depth of the spring 
w"heat varieties studied, and differences w-ere observed in the time 
and rapidity of crown-root growrth. The latter may be of importance 
in connection with the abihty of varieties sown in the spring to 
establish an adequate root system before the surface soil becomes 
so dry as to inhibit root growth. Federation forms its crown roots 
more rapidly than do some other spring wheats under normal condi- 
tions; under dry conditions that inhibit crown-root development, 
Pacific Bluestem and White Federation appear to be able to make 
most rapid root growth. When sown in the fall, Fortyfold X Federa- 
tion (C. I. 8247) and Federation form their crown roots much more 
rapidly than do the Turkey wheats. 
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The date of seeding affected the depth of crown of wheat varieties. 
Crowns were formed near the surface when seeds were sown in late 
spring or summer, when temperatures were high, and deep when 
seeds were sown in the fall or \\dnter, when temperatures were low. 
When sown during cold weather, normally deep-crovmed varieties 
may form crowns 45 to 50 mm below the suidace, but when sown 
during wmrm weather they may have crowns only 20 to 25 mm deep. 

The depth at which a wheat variety crowns may have an important 
bearing on the proper depth of seeding, a question of practical im- 
portance in the Columbia River Basin. The general recommenda- 
tions in the past have been to seed winter wheat shallow, especially 
when the seeding is done late in the fall, when soil temperatures are 
low. Seeding too shallow, especially at early plantings, may result 
in more wnnter-killing. From the results of these studies it seems 
that seeding winter wheat much less than 38 mm deep would seldom 
be advisable. With favorable soil moisture and temperature con- 
ditions, ^^inter wheat should be seeded from 51 to 64 mm deep, 
depending upon the variety. The best procedure would be to sow 
the seed at about the depth at which the crown would normally 
form, or slightly below. Deep seeding under normal conditions for 
winter wheat may produce crowns that will average 13 mm deeper 
than those produced by shallow seeding. 

Depth of seeding influences the position of the crown, but the 
correlation is not high enough to warrant extremely deep seeding, 
even in spring wheat, in order to have deep crowns. Seeding spring 
wheat early and too deep vdll delay germination, emergence, and 
early root development. For late sowing, when soil temperatures 
are high, deeper seeding of spring wheat is advisable in order that 
the crowms may form as deep as possible. 

SUMMARY 

The depth below the surface of the soil at which the crown is 
formed in wheat plants is influenced by variety, environment (es- 
pecially temperature), and depth of seeding. 

Varieties differ greatly in the depth at which the crown is formed. 
Winter varieties form crowns deeper than spring varieties and, in 
general, hardy printer varieties form crowns deeper than nonhardy 
winter varieties. 

Low temperatures between seeding and emergence cause the plants 
to crown deeper than do high temperatures. 

Deeper seeding causes the crowns to be formed somewhat deeper 
but not in proportion to the difference in seeding depth. 

Wheat varieties also differ in the time at which crown roots develop. 
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CERTAIN INSECT VECTORS OF APLANOBACTER 
STEWARTI 1 

By F. W. Poos, senior entomologist, Dtvtsion of Cereal and Forage Insects, Bureau 
of Entomology and Playit Quarantine; and Charlotte Elliott, associate pa- 
thologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, Vniicd 
States Department of Agiiculture- 

INTRODUCTION 

Bacterial wilt of corn {Zea mays L.) caused by Aplanohacfer steimrti 
(E, F. Sm.) McC. was exceedingly destmctive and more wddeiy dis- 
tributed during 1932 and 1933 than during any previous time in the 
history of the disease. Since 1897, when it wns first desciibed by 
Stewart, it has been studied by a number of investigators whose 
work has pointed more and more toward insects as a means of dis- 
semination of the causal organism. Rand and Cash (7) ^ during 
1920-23 found that bacterial w'ilt could be transmitted from diseased 
to healthy com plants by two species of flea beetles, Chaetocnema 
piilicaria Melsh. and C. denticulata (111.), and by the spotted cucum- 
ber beetle, Diabrotica duodecim punctata (Fab.). Ivanoff (o) reported 
transmission from diseased to healthy plants by the larval stage of 
the com rootworm, Diabrotica longicornis (Say), as it attacked the 
roots of young seedling com plants. He also reported that the bac- 
teria of A. Stewart i entered the corn plants through wotmds made by 
white grubs, the larvae of Phyllophaga sp., feeding upon the roots in 
infested soil. A summary of this work, together with a brief review' 
of the other literature on this disease, has recently appeared else- 
wdiere (1). 

The results of experiments by previous investigators on soil trans- 
mission of the causal organism indicate that transmission through the 
soil to uninjured roots of com plants is exceedingly rare, if it ever 
occurs. Similar experiments by the writers have yielded only nega- 
tive results. Therefore special attention has been given to insects as 
vectors of the organism, and the evidence of insect dissemination, 
obtained largely during 1934, is presented in this paper, 

MATERIALS AND METHODS 

In order to determine the importance of insects in the overwinter- 
ing and dissemination of Aplanobacter stewarti, insects commonly 
found on com duiing the growing season were collected from as many 
different localities and host plants as facihties for their study would 
permit. Insect vectors of this bacterial orgardsm were determined 

1 Received for publication Oct 3, 1935; issued May 1936. 

2 The writers are indebted to Nancy H. Wheeler and J W. Scrivener, of the Bureau of Entomology and 
Plant Quarantine, U S. Department of Agriculture, for much valuable assistance with details of the experi- 
mental work reported in this paper; also to H. S. Barber of the same Bureau for his aid m identifying 
Chaetocnema spp , and to G M. Smith, of the Bureau of Plant Industry, U S. Department of Agriculture, 
for seed of inbred and hybrid com used in the work. 

3 Reference is made by number (italic) to Literature Cited, p. 608 
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by transferring various species which had been confined to infected 
com plants in various types of cages to healthy com plants in cages. 
Feeding habits and relative choice of host plants of the fiea beetles 
{Chaetocnema spp.) were studied by confining single individuals of 
these species to the plants for a definite period by means of spring- 
clip cages ^ (fig. 1 ) . ^ ^ 

In order to determine which species of insects and what proportion 
of these contained Aplanobacter stewarti under field conditions, many 
species of insects collected on or near infected corn plants were dis- 
infected externally in a 4-percent solution of sodium hydroxide for 7 
minutes and then rinsed thoroughly in a 0.1 -percent solution of hydro- 
chloric acid before being crushed in sterile beef peptone broth for 



FinunE 1. — Cages used to confine single individuals of Chaetocnema spp and other insects to leaves of corn 
and other plants. These cages are often attached to broadleaved plants by means of the spring only, 
hence the term, “spring clip cages ” 

plating. The percentage of individuals of any species of insect carry- 
mg A, stewarti was determined by plating from individual insects, 
previously disinfected externally and crushed in sterile beef broth in 
separate glass vials, 9 by 34 mm. Usually more than 100 individuals 
were tested in each experiment. A holder for the vials was made by 
boring holes of the proper diameter and depth in a 1- by 4- by 12-inch 
board, in which the vials were placed in an upright position and 
numbered serially. 

These cages were furnished by the Division of Truck Crop and Garden Insect Investigations of the 
Bureau of Entomology and Plant Quarantine. 
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Figueb 2.— -yl, Cultures of Aplanobacter ^ewarti isolated August 8, 1934, from Chaetocnema pulicaria; 
colonies too small to be seen on this plate. B, Small section of the plate shown m A, magnified 10 times. 
Photographed August 14, 1934. 
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Figure 3 — Dilution plate (made from culture poured in’figure 2, A) showing individual rulouiac ai 
Aug,2uf iW-®’ “lified 
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Isolations of Aplanobacter steirarfi from the broth cultures con- 
taining the crushed insect material were made by pouring plates in 
Difco beef peptone agar pH 6.7. The broth suspension was added 
to the first tube of agar and a dilution made from this. In most of 
the isolations of A. stewarti heavy seedings and practically pure 
cultures of the organism were obtained. On the first plate (figs. 2^ 
A, and 3^ H) the colonies were too abundant to be distinguished by 
the naked eye. On the second or dilution plate (figs. 2, B, and 3, M) 
separate colonies 1 to 3 mm in diameter developed. Transfers from 
indhddual colonies of all isolations were tested for pathogenicity by 
the inoculation of susceptible corn plants under controlled conditions 
in the greenhouse (fig. 4). 



Figure 4 —A portion of one bed in the greenhouse showing Golden Bantam sweet corn (Inbred 8482-3-1 
from Glenn Smith) inoculated August 25, 1934, with isolations of Aplanobacter stewarti from Cbaetocnema 
piUicaria. The large plants were inoculated but are free from the disease Photographed September 
11, 1934. 

TESTS FOR TRANSMISSION BY INSECTS 

At Arlington Experiment Farm, Rosslyn, Ya., during 1933 and 1934, 
adults of Chmtocnema pulicaria (corn flea beetle), C. denticulata 
(toothed flea beetle), and Diabrotica duodecimpunctata (spotted cu- 
cumber beetle) were used successfully to transmit the bacterial wilt 
organism from diseased to healthy corn plants under controlled 
conditions. F. F. Dicke, of the Bureau of Entomology and Plant 
Quarantine, who was assigned to this project for a few months during 
1933, obtained direct transmission of the disease from diseased to 
healthy corn plants hj means of adults of the flea beetles C. pulicaria 
and C. denticulata. During January and February 1934 transmission 
from diseased to healthy plants was similarly effected by means ol 
adults of the spotted cucumber beetle, B. duodecimpunctata.^ The 
adult beetles were confined to corn plants, which were grown in 8-inch 
flowerpots, by means of cheesecloth-covered cages 2 by 2 feet by 2]i 
feet in height. A few^ attempts to transmit the disease from infected 
to healthy corn plants by means of the larvae of this beetle yielded 

5 These adults were kindly supplied by Charles E Smith, in charge of a laboratory of the Bureau of 
Entomology and Plant Quarantine at Baton Rouge, La 
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only negative results. The bacterial wilt organism was isolated in 
pure culture from the plants infected by these beetles. 

Other insects ^vere tested in a similar manner to some extent during 
the summers of 1933 and 1934, and only negative results were obtained. 
The adxdts of these species were confined to diseased corn plants for 
several days and were then transferred to healthy plants in various 
types of cages and under a vdde variety of conditions. The list of 
species is as follows: 

Chaetocnema conUnis Crotch Sweetpotato flea beetle (a. n. o.).® 

Emponsca fafoflelHarr.'i Potato leafhopper (a. n. o ). 

Lygus prote?isis (L.l Tarnished plant bug (a. n. o.). 

Xahis ferns (L) Nabid bug. 

Sgstena iaeniatn blanda (Melsh ) - . Pale-striped flea beetle (a. n. o.). 

Chlorotettix virtdiiis Van D Leafhopper. 

Cernioniegilla fuscilahris (Muls j Spotted ladybird. 

Thyanta cusiator »Fab.) Pentatomidae (stmkbug family). 

Phhpsius irroratus (Sa 3 '; Irrorate leafhopper. 

Melanoplus difeientialU (Thos ) Differential grasshopper (a. n. o.). 

Ctcadula divisa tUhl.) Six-spotted leafhopper (a. n. o.). 

Helioihnps femoralis Rent Thrips. 

Baltic us ciiri i^Ashm.) Garden flea hopper (a. n. o ). 

The species of insects which have given positive results in the 
transmission of the vnlt organism from diseased to healthy corn plants 
seem to be unequally endowed with the ability to induce infection. 
In the light of information now available it seems that Chaetocnema 
pulicaria, C. denticulata, and Diabrotica duodecimpunctata transmit 
the disease with facility in the order named. Many more lesions 
developed from feeding injuries of C. pulicaria than from those of the 
other two beetles. C. pulicaria also occurred in much greater abun- 
dance on com throughout the season at Arlington Experiment Farm 
than either of the other two species. 

OVERWINTERING OF APLANOBACTER STEWARTI 

During April 1934 the beetles Chaetocnema pulicaria and C. denti- 
culata, which had hibernated as adults, were collected from orchard 
gveiss {Dactylif glomerata L.), rye {Secale cereale L.), and alfalfa 
X-Medicago sativa L.) at Arlington Experiment Farm and tested (as 
described under Alaterials and Methods) for the overwintering of 
Aplanobacfer stewarti. A brief report on these studies has already 
been published (2). Comparatively few C. denticulata were available 
for this purpose and no wilt organisms were ob tamed from this species. 
C. pulicaria was fairly abundant, and, at first, collections of 100 or 
more were crushed together in one lot of broth. After large numbers 
of colonies of A. stewarti bad been secured in practically pure culture 
from four such collections of these insects, 175 C, pulicaria collected 
from several different species of host plants were crushed individually, 
each in about 10 cc of the broth, in order to deteimine approximately 
w^hat percentage of these beetles harbored the organism over wdnter. 
These tests indicated that approximately 19 percent of the beetles 
contained the organism in abundance. In the case of 100 C. pulicaria 
collected from alfalfa on April 30, one isolation was made from the 
abdomens a nd another from the heads and thoraxes. Heavy seedings 

Entomolo^ti officinale, i. e , common name accepted by the American Association of Economic 
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of A, stewarti were obtained from both. On May 1, 1934, two isola- 
tions were made from each of six adults of C. pulicaria collected 
from orchard grass, 
one isolation from the 
abdomen and one 
from the head and 
thorax. A heavy seed- 
ing of A. stewarti was 
obtained from the 
abdomen of one of 
these six flea beetles 
and a lighter seeding 
from the head and 
thorax of the same 
beetle. 

As a further proof of 
the overwintering of 
Aplanohacter stewarti 
'witliin the com flea 
beetle, healthy corn 
plants in the green- 
house were infested 
for several days with 
other adult beetles 
from the collections 
referred to. Typical 
symptoms of bacterial 
wilt developed in these 
plants (fig. 5), and A. 
stewarti was isolated 
from them in pure 
culture. 

INSECT VECTORS OP APLANOBACTER STEWARTI IN THE FIELD 
DURING THE GROWING SEASON OF CORN 

Isolation of Aplanohacter stewarti from externally sterilized insects 
was continued throughout the sunomer and fall to determine what 
percentage of the Chaetocnema collected from different host plants 
and locahties were infested and to learn whether other insects also 
were concerned in the transmission of this disease under favorable 
field conditions. The results of this work are summarized in table 1. 

Most of the insects collected were taken from or near corn infected 
with the disease during the active growing season. This fact explains 
the small numbers used in the case of several of the species tested, as 
they were found only occasionally on com. In the case of Chaetocnema 
pulicaria and O. denticulata, the figures in the table include all 
individuals of these species from field collections which were tested, 
and also those used in the studies on overwintering of the organism 
within the insects. In several instances collections of these species 
were made from field corn at some distance from any known source 
of the disease in order to compare the results obtained with those of 
collections from or near infected corn. In several cases single cultures 



'IGURE 5.— Sweet-corn plant moculated with Aplanohacter stewarti 
hy confining overwintered adults of Chaetocnema pultcaria to it for 
a few days during April 1934. 
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represented many insects, sometimes over 100, instead of only single 
individuals. 

Table 1. — Suwmary of insects collected in the field and cultured for Apla^iohacter 

steiraiti, 1934 


scientific name 

Common name 

s 

o 

SJ 

Localities 

C 

"o 

x 

0 

1 

OJ 

Isolations made 

Isolations tested by 
inoculations on corn 

Isolations of .1. stew- 
arti 



Kum- 

Xam- 

Num- 

Num- 

Nitm- 

Num- 



^ ber 

ber 

ber 

ber 

ber 

ber 

Chaetocnema pulicmtn IMclsh 

Corn flea beetle (a n o') 

4, 790 

29 

12 

3, 360 

1,330 

916 

Chaetocnema denticulata till )... . 

Toothed flea beetle. 

905 

16 

9 

384 

S9 

30 

Chaetocnema confims Cratch. 

Sweetpotato flea beetle (a n 

173 

9 

6 

32 

7 

2 

Diabrntica duodecunpv nctata 

o ) 

Spotted cucumber beetle (a 

178 

3 

5 

20 

7 

0 

{Fab t 

n 0 ) 







Diabrotica larvae - 



3 

1 

1 

1 

0 

0 

Epiini cvcumeus Harr 

Potato flea beetle (a n o') 

365 

13 

6 

49 

5 

0 

Epitrir parrula 1 i\\b .. . 

Tobacco flea beetle (a n o )... 

12 

2 

1 

S 

1 

0 

Carabid- - - - 

Oroiind beetle 

1 

i 

1 

1 

1 

0 

Diholin borealiK Chev 

Leaf beetle 

42 

2 

2 

3 

0 

0 

Drtonycha Tanthmntlaenn {Dalm ). 

Spmach flea beetle 

1 

1 

1 

1 

0 

0 

I>ij<!07ti/cha gtabrata fFdh } ... 

Flea beetle 

2 

1 

1 

1 

1 

1 

H^ysttna taeiiiata blanda fMelsh i_ 

Pale-striped flea beetle (a n 

2 

1 

1 

1 

0 

0 

EhyllotTctaritinta (Fab i... 

Striped flea beetle (a n o ) . . . 

6 

1 

1 

3 

0 

0 

Stilbus ridaut Casey. 

Shining flower beetle 

22 

1 

3 

3 

1 

0 

Stilbus apicatis {Melsh i 

do 

7 

1 

1 

2 

1 

1 

PhalacniJi pohtm Melsh 

Smut beetle (a n o ) 

19 ; 

] 

1 

3 

2 

0 

Coltnpii quadnmaculatus (Fab 

Beetle i 


1 

1 i 

2 

0 

0 

Epitnekna corrupta Muls j 

Mexican bean beetle (a n o j . i 

1 1 

1 

1 j 

1 

0 

0 

Hypera punctata (Fab j 

Clover leaf weevil (a. n o )__. | 

3 i 

1 

1 

1 

0 

0 

Fulgorid ! 

Lantern fly i 

3 i 

1 

1 i 

1 

0 

0 

Fmpnaffca spp -| 

Leafhopper ; 

47 

1 

1 

4 

3 

0 

Eutettiz serninudus (Say» i 

do ....1 

2 

1 

1 

2 

0 

0 

Deltocephalu^ flancoatn Stal ; 

do j 

1 

1 

1 1 

1 

0 

0 

Euacehs bicolar (Van D ) 

do_. 

4 

1 

1 

1 

1 

1 

Agaftia constnctn y3,n D. 

do ....! 

11 

1 

1 

2 

0 

0 

Agallia sangninolenfa (Prov i i 

Clover leafhopper ... 

2 ’ 

1 

1 ! 

2 

0 

0 

Cicadula dinsa (Uhl i. 

, Six’-spotled leafhopper (a n. 

40 

1 

1 

2 

1 

1 ^ 

Poiyamia inimtca (Say) 

1^1 1 

Inimical leafhopper ' 

1 

1 

1 

1 

1 

0 

Thamnoteitix nigrtfrona i Forbes). i 

Black-faced leafhopper. . | 

132 

1 

1 

5 

2 

1 

Draeculaccphala jnolhpes (SayL._j 

i Tenderfoot leafhopi^r 1 

5 

1 

1 

1 

0 

0 

Ilhnoia aolantfohi (A?hm s ... 

1 Potato aphid fa n o 1 

155 

2 

1 

55 1 

5 

1 

Anaphoihnps obscurua (Muller). 

Grass thrips (a n o).. i 

66 

i 2 

1 

9 

1 

0 

Aeotathripa fasdatus (Li .. 

'» ! 


^ 1 





Anaphothnpa obscurus (Muller).. 

d ; 

oO 

1 

1 

I 

0 

0 

Onus insidiosus (Say) . 

Insidious flowerbug ... 

220 

1 ! 

1 i 

5 

2 

0 

OeocoTis punciipts (Sav) . 

' Plant bug 

3 

1 ! 

1 

2 

0 

0 

Lygus praUnsis {Jj.) 

[ Tarnished plant bug (a n o J. 

50 

1 

1 

^ 1 

1 

0 

Adelphocons rapidus 

1 Plant bug 

1 

1 

1 

I ! 

1 

0 

Xabis ferns (L ) 

Nabidbug... ... 

1 

1 

1 

1 

1 

0 

fMxcTutalis calm . 

Tree hopper 

1 1 

] i 

1 

] 

0 

0 

Sminihuruf sp , 

Springtail ... . 

S j 

1 i 


2 1 

1 

u 

0 

Total (40 different species). 


7. 338 

— j 

3, 977 j 

1.464 

953 


All of the insects tested, except the aphids and one lot of thiips, 
were sterilized externally before being crushed in the broth for plating, 
Sarnples of material from the collections of the various species used 
for isolations were referred to taxonomic specialists in the Bureau of 
Entomology and Plant Quarantine for identifioationd 
As indicated in the last column of table 1, isolations of Aplanohacter 
sieira/ii were obtained under these conditions from the following 
eight species: Chaefocnema pulicaria, C. denticulata, O. confinis, 


This assistance is hereby gratefully acknowledged 
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Disonycha glabrata, Stilbus apicalis^ Euscelis bicolor^ Thamtioteitix 
nigrifrom, and Illinola solanifoUi. From all of these, except the 
Chaetocnema spp., A. stemaiii was obtained in only a single instance. 
However, only small niimbem of each of these species'were taken 
dii'ectly from infected corn. Additional work is therefore necessary 
to determine the importance of these species as vectors of this or- 
ganism. The effective isolation of A. stewarti from I. solanifoUi was 
obtained from a lot of 48 individuals collected from infected sweet 
corn at Burlington, N. J., on July 17. 

It is possible that the positive results obtained with Chaetocnema 
confinis may be due to mistaken identification, because the external 
characters given for distinguishing this species from C. pulicaria are 
probably not entirely reliable, and the whole genus appears to be 
greatly in need of a taxonomic revision. It is also very difficult to 
identify specimens of these species in a li\nng condition because of 
their extreme activity. In some cases these insects were placed on a 
small cube of ice under the binocular microscope in order to separate 
the species from each other in a living condition. This method was 
not always satisfactory because in hot weather a film of moisture soon 
appeared on the thoraxes of the specimens and prevented a clear 
examination of the punctation there. 


Table 2. — Percentage of Chaetocnema pulicaria infested unih Aplanobacter 
steuaiti at Ailington Experiment Fann, 1934 


Date col- 
lected 

Host plant 

Adults 

cultured 

Propor- 

tion 

yielding 
w lit or- 
ganism 

Date col- 
lected 

Host plant 

Adults 

cultured 

Propor- 

tion 

> lelding 
wilt or- 
ganism 



Number 

Percent 




Number 

Percent 

Mav 1 

Orchard grass 

18 

11 1 

Aug 

1 

Sudan grass 

100 

19 0 

14 

Sweet corn . 

85 

0 

8 

do.. 

66 

12 1 

16 

Orchard grass 

4 

25 0 


10 

Sweet corn 

90 1 

50 0 

16 

Wheat 

57 

17 5 


10 

Johnson grass 

10 

20.0 

16 

Sweet corn 

54 

18.6 


16 

Alfalfa and gra‘=s.-. 

100 

9 0 

18 

do - 

83 

13 2 


19 

Sweet corn.. 

100 

36.0 

June 18 

Johnson grass 

100 

.0 


28 

do 

100 

47 0 

20 

Field corn 

50 

44.0 

Sept 

5 

do - _ - - 

100 

58 0 

20 

Sweet corn 

50 

40 0 

11 

Sudan grass 

100 

6 0 

July 9 

do- - 

100 

75 0 


19 

Sweet corn . 

46 

56 5 

12 

Bindweed 

17 

5 8 


19 

Sudan grass 

47 

2 1 

31 

Sweet corn 

100 

38 0 







As reported in table 1, 4,790 specimens of Chaetocnema pulicaria 
were collected from 12 different host plants and from 29 localities 
during 1934. Of the 3,360 isolations made from this species, 916 
yielded colonies of Aplanobacter stewarti, and transfers from these 
colonies produced typical vnlt symptoms on young corn plants in the 
greenhouse. The host plants from which these O. pulicaria were 
collected were sweet corn, field corn, black bindweed {Polygonum 
convolvulus L.), alfalfa, young wheat {Triticum aestivum L.), Sudan 
grass {Sorghum imlgare sudanense (Piper) Hitchc.), Johnson grass (Sor- 
ghum halepense (L.) Pers.), tomato {Lycopersicon esculentum Mill.), 
oats {Averm sativa L.), cowpea {Vigna sinensis (L.) Endl.), yellow 
bristlegrass {Setaria lutescens (Weigel) F. T. Hubb), sedge grass 
{Cyperus sp.), and weeds. The total of 908 adults of G. pulicaria 
collected from sweet corn at Arlington Experiment Farm during the 
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period May 14 to September 19 yielded an average of 40.3 percent 
infested with the wilt organism. Of the 669 adults of C. 'pulicaria 
collected from various other host plants (including field corn) during 
the same period at Arlington Experiment Farm, 12.1 percent were 
infested vith A, sfewartl. The results of tests with C, pulicaria 
collected at Arlington Experiment Farm during 1934 are presented 
in table 2. 

The maximum proportion of Chaeiocnema pulicaria from field col- 
lections found to contain Aplanobacter stewaiii was 75 percent. These 
beetles were collected from infected sweet corn July 9. 

Collections of Chaeiocnema pulicaria from various localities have 
show'n varying percentages of beetles w^hich yielded the w^ilt organism 
wFen cultured in the usual maimer. The results of these studies are 
given in table 3. 

Table 3. — Percentage of Chaetocmma pulicaria from various localities infested 
with Aplanobacter steivartt, 1934 


Date 

c'ol* Host plant 

leered 


IMay 5 Winter oats, 
7 Field corn.. 

11 ' Oats - 

June t) do 

t) ' Field com.. 
6 , Sweet corn. 
b i Tomato 

10 1 Oats 

22 Field corn. - 
22 t Sweet corn, 

27 do 

27 I Field corn . - 

July 2 : do 

11 do 

U do 

17 I Sweet com. 
17 , Field corn.. 

IS i Corn 

21 { Field com. - 
20 ' do 


UU 

Aug 21 do 

21 : do 

30 , do 

Sept. 6 I do 


Locality 


Adults 

tested 


Proportion 
yielding 
wilt organ- 
ism 


.i 


I Society Hill, S C.. 

Charleston, S. C... 

‘ Norge, Va 

; Rising Sun, Md. . . 
do 

Prmeeton, N. J 

I do 

i Sussex, N. J 

' Falls Church, Va. . 

Annandale, Va 

1 Greenville, Pa 

I do. 

I Falls Church, Va. 

: Charlottesville, Va 

I Smithfield, Va 

1 Burlington, N. J . . 

1 Glasgow, Del 

i Milford, Conn 

j Hamburg, Pa 

I Kingston, N. Y.— 
j Gettysburg, Pa. . . 

Harrisburg, Pa 

! Franklin, Va 

I Weldon, N C 

i Falls Church, Va._ 
i do 


jS' umber 
112 
145 
59 
67 
50 


72 

3 

60 

50 

16 

5 

50 

54 

50 

85 

97 

4 

68 

5 

100 

100 

100 

27 

100 

100 


Percent 
0 0 
0 
0 

16 4 

6.0 

.0 

0 

0 

28 0 
16 0 
25 0 
60 0 
16,0 
55 5 
6 0 
21. 1 

19.5 
0 

41 1 
.0 
15 0 
2 0 
40 0 

18.6 
29 0 
16.0 


NUMBER OF INFESTED BEETLES LATE IN THE FALL 

During the period of October 2 to November 22, several tests ^vith 
beetles, involving 6S4 adults of Chaeiocnema pulicaria, 39 of O. 
denticulata, and 48 of Diabrofica duodecimpunctata , w^ere made in an 
effort to determine the percentage of these beetles that contained the 
bacterial wpilt organism late in the fall of 1934, when they were 
about to hibernate. It was not always possible to obtain material 
for this work from areas immediately adjoining fields that had con- 
tamed much of the disease during the previous summer. No Aplano- 
bacter stewarti was isolated from C. denticulata and D. duodecim- 
punctata. Of the 6S4 adults of C. pulicaria tested, 90, or 13.1 percent, 
of the cultures yielded positive results. This probably was repre- 
sentative of the number of adult beetles of this species harboring 
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A. stewarti at this time. The collections of C. piilicaria used for 
these tests and the percentages known to harbor A. stewarti were as 
follows: Of 317 from Arlington Experiment Farm, 8.5 percent 
yielded A. stewarti; of 160 from Atchison County, Kans., 4.3 percent; 
of 110 from Platte County, Mo., 16.3 percent; and of 97 from Madison 
County, 111., 39.1 percent. 

HOST PLANTS OF APLANOBACTER STEWARTI 

Until recently the only Imown host of the bacterial mlt organism, 
Aplanohacter stewarti, was the corn plant. This organism attacks 



Figure 6 —Golden Bantam sweet corn leaves showing three stages in the development of bacterial wilt 
lesions developmg from insect feeding mjuries. A, Feedmg injuries and beginning lesions; B, feeding 
injuries and young but well-developed l^ions; C, old lesions. 


several kinds of corn, but the most susceptible host is sweet corn 
(fig. 6) . During September 1 934 natural infection with A, stewarti w£^ 
found on teosinte (JEuchlaena mexicana Schrad.), mder field condi- 
tions at Lanham, Md., and at Arlington Experiment Farm, Va. 
Infected plants were from seed from Florida and Guatemala. The 
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FnL RE 7 Xatural with Aptan^acter stenartt on leaves of teosmte (Euchlaena mexican ) grown 

at Lanham, Md., from Flonda seed. Photographed September 6, 1934. 
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lesions were similar to the leaf lesions on corn, but more limited than 
those occurring on susceptible varieties of corn. Isolations from 
these leaf lesions gave pure cultures of the typical yellow bacterium 
that produced wilt symp- 
toms on Golden Bantam 
sweet corn in the green- 
house. A culture of A. 
stewarti isolated from the 
flea beetle Chaetocnema pul- 
icaria produced long wilt 
lesions on teosinte leaves in 
the greenhouse and killed 
the plant. Adults of C. pul- 
icaria^ transferred from dis- 
eased corn to teosinte, pro- 
duced mlt infection (fig 7), 
and the wilt organism was 
reisolated in pure culture. 

Attempts to inoculate 
other plants, some of which 
are closely related to com 
botanically, with pure cul- 
tures of A. stewarti by 
means of needle scratches 
and punctures, as well as 
by the feeding of adults of 
O. pulicaria which previ- 
ously had been confined to 
diseased corn for a period 
of 5 days or longer, resulted 
in a failure to produce 
symptoms of the disease in 
any of these plants. The 
following species of plants 
were used in these studies: 

Goosegrass (Eleusine indica 
(L.) Gaertn.), smooth crab- 
grass (Digitaria ischaemurn 
(Sclireb.) Muhl.), eastern 
gamagrass ( Tripsacum dac- 
tyloides (L.) L.), straw-- 
colored cyperus {Cyperus 
strigosus L.), two varieties 
of sugarcane {Saccharmn 
officinarum L.), Bimpan rye 
{Secale cereale L.), wheat 
{Triiicum aestivum), Sudan 
grass {Sorghum milgare su- 
danense), Johnson grass 
{Sorghum halepense)^ or- 
chard grass {Dactylis glom- 
erata L.), Kentucky bluegrass {Poa prate nsis L.), and yellow bristle- 
grass {Setaria lutescens). More recent needle inoculations with cul- 
tures of A. stewarti have produced typical bacterial wilt lesions in 



Figure 8 —Leaves of jobs-tears (Coix sp ) showing lesions of 
bacterial wilt inoculated by infective adults of Chaetocnema 
piiltcaria in confinement 
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the leaves of jobs-tears {Coix sp.), and the wilt organism has been 
reisolated in pure culture from this plant. Jobs-tears has also been 
inoculated with A. bteicartl (fig. S) by means of adults of C. pulicaria 
which had been transferred from infected corn to this plant. 

HABITS OF CHAETOCNEMA SPP. 

CHAETOCNEMA PULICARIA MELSH. 

Ckaetocjiema puHcarla was reported as early as 1891 by Forbes 
p.di) as severeh" injuring corn in Illinois, and the injury describecl 
on corn strongly suggests the presence of bacterial wilt, which was 
unknown at that time. This insect has attacked corn in injurious 
numbers frequently enough to be known commonly as the corn flea 
beetle. It hibernates in the adult stage and becomes active on warm 
days early in spring when the air temperature reaches approximately 
70° F. at the surface of the soil. In 1933 adults of this species were 
first collected at Arhngton Experiment Farm on April 2, and in 1934 
on March 21. The adults attack the young corn as soon as it appears 
above the smdace of the soil. The immature forms of this species 
probably develop in the soil, although they have not been definitely 



Figvre 9 —Feeding by one adult of ChaetocnemapuHcaria for 24 hours on sweet corn (U), John'ion grass (B), 

and Cjiperm sp. (CJ. 


identified in nature. The species is very small, the adults being 1.5 
to 1.8 mm in length. They live for many months, are very active, 
and feed upon a v-ide variety of plants. Some adults have lived in 
the greenhouse at 65° F. from October to April. A few specimens 
passed through their life cycle on bluegrass in the greenhouse during: 
the winter of 1934-35. 

Tius species has been reported from most of the United States except 
the Northxvest. Attempts to verify records of the reported occurrence 
in California have thus far been unsuccessful. Reports of the disease 
in California, therefore, suggest an insect vector other than those 
named m this paper, possibly the desert com flea beetle, Chaetocnema 
ectypa Horn. Unpublished records on collections of insects made by 
airplane at Tallulah, La., by P. A. Glick during 1928-31 and made 
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available him through the Division of Cotton Insect Investigations, 
Bureau of Entomology and Plant Quarantine, revealed the presence 
of C. pulicaria at altitudes ranging from 20 to 5,000 feet. This species 
was collected by airplane during neaidy every month thi'oughout the 
year at Tallulah. These data indicate that the species probably mi- 
grates or is carried in air currents for considerable ^stances. In two 
trap lights operated at Arlington Experiment Farm from ilay 6 to 
June 22 and from September 12 to December 5, 1934, one adult of 
C pulicaria was collected November 3. The extreme acti^uty of this 
insect was evidenced by the difficulty experienced in confining adults 
within cheesecloth cages even when a very fine mesh cloth was used. 
Field cages covered with similar cloth and used to exclude insects 



Figuee 10.— Feeding by adults of C/iaefocncmaf>MZfcana on rye (A),teosmte {Euchlaena mexicana) (S),and 
eastern gamagrass (Tripsacum dactyloides) (C). 

from hiUs of corn did not exclude this species unless the tacks holding 
the cloth were supplemented by strips of molding. From a collection 
of 50 adults of C. pulicaria taken from such cages on August 7, 34 
(or 68 percent) yielded Aplanobacter stewarti, while a collection of 66 
adults taken from Sudan grass at some distance away in the same 
field on the same afternoon yielded A. stewarti in only 8 instances. 

The feeding habits of this species were studied on several host plants, 
and the amount and type of this feeding on the leaves of six species of 
plants are illustrated in figures 9 and 10. When the beetl^ were con- 
fined to corn in small cages, there was no apparent choice between 
feeding on the upper or on the lower surface of the leaves. In the 
field most of the feeding appeared to be on the upper surface. In 
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feeding, the adult always assumed a transverse position on the leaf 
and moved sidevise as it fed. It eats through to the epidermis on 
the opposite side and leaves a more or less transparent injury running 
parallel to the veins and appearing as a short, narrow, comparatively 
straight, white line. 

Forty preliminary tests were made to determine the number of hours 
of feeding required for an adult of Ohaetocnerna pulimria to inoculate 
healthy corn with the bacterial wilt organism, after it had fed at least 
5 days on infected corn. Only negative results were obtained. These 
tests were carried on in the greenhouse in October 1934. Individual 
adults of C. puUcaria w^ere confined to the leaves of corn plants in 
spring-chp cages (fig. 1) as follows: 10 for 2 hours, 10 for 6 hours, 10 
for 8 hours, and 10 for 24 hours. Feeding apparently occurred in a 
nomial manner and the plants grew slowly but normally; however, no 
lesions of the disease appeared on these plants. 


4 U 

■y j 


' » ■ 
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FKjIhe 11. Feeding by one adult of Chnetocnema dejiticufata for 24 hours on street corn (.1) Johnson 
grass (B), and Cpperus sp. (C). 


CHAETOCNEMA DENTICUEATA aUL.) 

The adults of Ckaetocnema denticulata are larger then those of 
C. puhcaria, ranging from 2.3 to 2.8 mm in length. Under field 
conditions at .^lington E.^periment Farm during 1934 the species 
passed through at least two complete generations on Johnson grass 
hor the most part it was not so abundant as was C. pulicaria and 
fed much less on corn The life cycle of a few individuals was com- 
pleted under controlled conditions and extended over about 1 month. 
I nder field conditions the eggs were found at the base of its host 
plant near the surface of the soil. The half-grown to fuU-grown 
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lai^vae are commonly found feeding on the tender unfurled leaves 
or on the developing seed head of Johnson grass. Pupation takes 
place in the soil, and the species ovenvinters in the adult stage. 
Feeding injuries on corn and Johnson grass are similar to those 
described for C. imlicaria, except that the green areas removed from 
the leaves are wider (fig. 11). The method of feeding appears to be 
identical with that of G. puUcaria. 

CHAETOCNEMA CONFINIS CROTCH 

Chaetocnema conjinis has been reported as causing injuiy to corn 
similar to that caused by C, pulicaria (J, pp. 110-111). The present 



FiGtiRE 12. — Feeding injuries of Chaetocnema confinis to sweetpotato leaf. Note irregular paths of feeding. 

writers’ observations do not confirm this, although C. conjinis, 
commonly known as the svreetpotato flea beetle, has often been 
collected on corn and Sudan grass when growing in proximity to 
convolvulaceous plants. A small number of feeding tests on corn 
under controlled conditions revealed no feec^g injury in any way 
similar to that of G. pulicaria or (7. denticulata. The adults of 
G, conjinis appeared to die prematurely when confined to corn. On 
the other hand, the adults lived for long periods and fed considerably 
when confined to sweetpotato plants (fig. 12). Tliis is an additional 
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reason for believing that the isolations of Aplanobacfer stewarti 
obtained from C. conjinis, as reported in table 1, may be due to 
misidentifications of the closely related species used. 



Figtjbe 13 —Four stag^ m th^evelopment of a typical lesion of bacterial wilt following a small feeding 
mji^ to a sw^t-wrn leaf by Chaefocimma pulicana, under field conditions. Photographed. A, August l • 
B, August 6, C, August 10; B, August 13. » , 

DEVELOPMENT OP LESIONS ON CORN 

On August 17, 1933, a number of lesions of bacterial wilt, which 
started on the leaves of the corn at feeding places of flea beetles, 
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were measured to obtain definite data on the development of these 
secondary infections under field conditions on Golden Bantam corn 
grown from seed obtained from several localities. The lesions were 
marked with india ink, and each leaf was identified by means of a 
linen tag. Unusual, almost continuous, rainfall on August 21, 22, 
and 23 (5.88 inches on Aug. 23) interfered with making the measure- 
ments as planned. The final measurements were made August 26, 
and the results, presented in table 4, indicate the rapid development 
of the lesions. 


Table 4. — Development of lesions of Aplanobacter stewarti following feeding hy 
Chaetocnema pnlicaria on leaves of Golden Bantam corn at Arlington Experiment 
Farm, 1933 


Lot 

no 

Source of seed 

Lesions 

measured 

Aug 17 j 

Ang 

26 ; 

1 

Average 
■ increase 
in length 

Average 

length 

i 

Average 

width 

Average 
length 1 

Average | 
width 



Number 

t 

Mm 

: Mm 

I 

1 Mm j 

Mm ' 

Percent 

1 

Oregon -- 

17 

' 16 S 

2 7 

24S 2 

10, 7 

1,377 4 

n 1 

Idaho 

9 

21 1 

1 2 7 

313 3 1 

11 0 

1,384 S 

3 

Seed company m District of Co- 







lumbia - - - 

7 

12.4 * 

2 S 

138 5 ! 

6 2 

1,016 9 

4 

Do - 

IS 

11 9 

2 0 

160 5 

6 4 

1, 248. 7 


It will be noted from table 4 that the average increase m length 
of lesions in four lots during a 9-day period varied from approximately 
10 to 14 times the original size. 

During 1934 a few similar measurements were made of lesions on 
leaves of a susceptible variety of corn, and four photographs were 
made of what appeared to be a typical lesion as it developed in the 
field (fig. 13). The measurements of this lesion are given in table o. 


Table 5. — Measurements of a lesion of Aplanobacter stewarti on a leaf of sweet 

corn, 1934 


Date 1 

Length 

Width 

Date 

Length 

Width 

Aug, 1 - 

Mm 

7 

Mm 

1 

Aug. 8 

Mm 

44 

Mm 

4 

Aug, 3 - 

10 

2 

Aug 10 

115 

4 

Au" 6 - -- 

38 : 

4 

Aug 13 

160 

5 






1 The lesion was photographed on Aug, 1, 6, 10, and 13. On Aug 17 the lesion coalesced with others. 


MAXIMUM INFESTATION OF CHAETOCNEMA PULICARIA AND 
C. DENTICULATA BY APLANOBACTER STEWARTI 

Tests were made to determine the percentage of adults of Ghaetoc- 
nema pulicaria from which Aplanobacter stewarti could be isolated 
after being confined to infected corn in cages in the outdoor insectary 
for a minimum of 5 days. These insects were sterilized externally. 
The results are shown in table 6, 
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T-able 6. — Peicentage of Chaeiocnema piiUcaria C07itaining Aplanohacter sfewarti 
after confinement on infected corn for 5 days, 1934 


Date cultured 

Adults 
tested in- 
dividually 

Isolations 

of 

A stewarti 

Proportion 
eontaining 
A stewarti 


Number 

50 

75 

102 

115 

Number 

34 

23 

69 

64 

Percent 

6S 0 
30 7 
67 6 
55 7 

23 

Sept IS 

Sept 2S - 

Total -- -- - — 

342 

190 


A. \ erase freighted) - - -- - 

55 6 





It \\ill be noted from the table that only from 30.7 to 68 percent, 
or an average of 55.6 percent, of the adults of Chaetocnema pulicaria 
yielded Aplanobader siewarti in these tests, even after these beetles 
had been confined to infected corn in cages for a minimum of 5 days. 
Another lot of 78 adults of C, pulicaria ^ tested at the same time by 
placing the surface-treated uncrushed insects on agar plates, yielded 
no colonies of A. siev'arti. Of most interest in these latter tests was 
the fact that some of these beetles survived the entire process. Of 
23 adidts of C, denticulata confined to infected corn in cages for a 
muiimuin of 5 days, 11, or 47.8 percent, yielded colonies of A. steioarti. 
These percentages of beetles containing the wilt organism are unex- 
pectedly low when compared with a maximum of 75 out of 100 adults 
of C. pulicaria that were found to contain A, stewarti when collected 
from plots of infected sweet corn under field conditions July 9, 1934, 
at Arlington Experiment Farm. 

RETENTION OF APLANOBACTER STEWARTI BY THE BEETLES 

Two series of experiments were conducted with Chaetocnema puli-^ 
caria and C, denticulata in order to determine how long adults of 
these beetles remained infective after being confined in cages for 
5 days or more with diseased plants. The plants placed in the 
test cages were replaced by other healthy plants at intervals of not 
more than 5 days in order to prevent the possibility of the beetles 
becoming reinfected from the plants w^hich they had inoculated. 
This possibility was considered very remote because of the slow 
development of the wilt symptoms under the conditions of these 
experiments- In^ both series of experiments the beetles of each lot 
apparently remained infective for approximately the entire period 
of their fife. 

In tests conducted in 1933 it was noted that some specimens of 
Chaetocnema pulicaria remained infective for a period of 22 days, 
i. e., they w^ere able to inoculate susceptible sweet corn with the 
organism 22 days after having fed on infected corn. This observation 
suggested the tests made with overwintered adults in April 1934 
w’hich led to the discovery that Aplanobacter stewarti overwinters in 
the bodies of these flea beetles. 

Tests made during 1934 indicated that one lot of 25 adults of 
Chaetocnema denticulata inoculated healthy corn plants with Aplano- 
hacter stewarti from September 14 to October 20 inclusive (aU of 
these adults died by Nov. 14), or for a period of at least 37 days. 
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In similar tests \\itli a lot of 25 adults of C. puli carta, healthy corn 
plants were ino(*ulated from September 26 to November 13 inclusive 
(all of these adults died by Nov. 26), or for a period of at least 49 
days. Similar tests made with adults of Diabrotica duodecimpunctata 
during February 1934 indicated that the adults of this species were 
able to transmit the bacterial wilt organism from diseased to healthy 
corn plants after being removed from the diseased plants from 5 
to 9 days. Externally sterilized adults of tliis species which, after 
feeding several days on infected corn plants, had fed on healthy 
plants 6 and 15 days, respectively, did not yield the wdt organism 
when crushed in sterile beef peptone broth and plated in the usual 
manner. 

BACTERIAL WILT AND ITS INSECT VECTORS IN RELATION TO 
WINTER TEMPERATURES 

The association of warm winters vnth outbreaks of bacterial wilt 
has frequently been commented upon. Stevens ® concluded that 
when the average -winter temperatures are high, bacterial wdlt has 
shown a tendency to increase, and ^dce versa. He reported that no 
obvious relation appears between the incidence of the disease and the 
total rainfall during any season, nor between the incidence of the 
disease and the temperature during spring, summer, or fall, although 
he stated that one may well exist. He estabhshed temperature 
indices for the winter months (sum of the mean temperatures of 
December, January, and February) and according to the data pre- 
sented suggested that the disease will usually be absent in the North- 
eastern States following a vinter with an index below 90° and present 
in destructive amounts following a winter with an index above 100°. 
The unusual abundance and distribution of tliis disease from 1929 to 
1933 followed a series of mild winters. The amount of bacterial wilt 
in 1934 was much reduced following the low temperatures of the 
previous winter. This wms particularly true in eastern New York 
and in New England, where the Imown insect vectors were almost 
entirely absent during 1934. The relationship of winter temperatures 
to the abundance and distribution of the insects w^hich oven\inter 
and transmit Aplanobacter stewarti may be very significant and has 
received some attention. Chaetocnema pulicaria w^as not found 
abundantly north of central Pennsylvania during 1934. A. stewarti 
was isolated from this insect from aU localities where this beetle was 
found abundantly. 

The effect of the extensive use of resistant varieties of sw^eet corn 
on the amount of bacterial wilt is a factor that should not be over- 
looked in predicting abundance of this disease. The problem is 
doubtless further complicated by lack of information on the abun- 
dance of the insect vectors in which the organism of the disease over- 
winters. The relative abundance and infectivity of the liibernating 
insect vectors may be of extreme importance in predicting the 
appearance of bacterial wdlt of corn in destructive abundance. 

DISCUSSION 

Since Aplanobacter stewarti has been knowm to overwinter in seed 
only to a limited extent (2 to 13 percent) and there is no direct 

* Stevens, N E stewart’s tusease in relation to winter temperatukes. U S Dept. Agr., 
Bur. Plant Indus. Plant Disease Repts IS 141-149, illus. 1934 [Mimeographed J 

64064— 3C 4 
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evidence of its orerTvintering in naturally infested soil in the field, 
the finding of this organism overwintering in a virulent condition in 
the corn flea beetle, under natural conditions, offers a satisfactory 
explanation as to the source of early spring infections. Furthermore, 
the high percentages of beetles infested yith the organism throughout 
the corn-growing season readily account for the midseason spread 
of the disease. 

The problem of determining the part played by insects in the 
overwintering and dissemination of bacterial wilt of corn is a very 
large one. Neiswander {6), in his paper on the sources of American 
corn insects, reports that 352 species of insects have been recorded in 
the literature as attacking the corn plant. He suggests that some of 
these records are probably obsolete and have never been v’-erified by 
later observations. However, he fists 166 species as sigifificant corn 
insects. How manv" of these may be carriers of the wilt organism 
remains to be determined. Isolations for Aplanohacter stewarti were 
made during 1934 from 40 species of insects belonging to 33 genera. 
Eight species representing six genera yielded A. stewarti. Only the 
corn flea beetle (Chaefocnema pulicaria) and the toothed flea beetle 
(C. denficnlata) appeared to be of importance in the dissemination 
of the disease, ^^uch further work is necessary in order to determine 
whether the other six species involved are normally vectors of A. 
stewarti. 

Transmission of bacterial wilt from infected to healthy corn was 
effected by means of adults of the spotted cucumber beetle (Diabrotica 
duodecimpunctata) ^ but none of the 178 adults of this species collected 
thi'oughout the season under field conditions yielded Aplanobacter 
stewaHi. 

Collections of Chaetocnema pidicaria from or near plantings of 
sweet corn at Arlington Experiment Farm at intervals of 7 to 14 days 
yielded an increasing number of isolations of Aplanobacter stewarti up 
to July 9, on which date a maximum of 75 out of 100 individuals 
yielded tins organism. After this date the number again decreased. 
The maximum proportion of C. pulicaria that yiekled A. stewarti 
after being confined to infected corn in cages for at least 5 days was 
68 percent, and the average of the 342 such beetles tested was 55.5 
percent. It seemed that this percentage should have been higher 
imder these circumstances. The isolations of A. steivarfi obtained 
from C. pulicaria collected from sweet corn at Arlington Experiment 
Farm during the period May 14 to September 19 averaged 40.3 
percent, whereas similar collections from other host plants (including 
field com) during the same period yielded an average of 12.1 percent. 
In collections of C. pulicaria from various localities throughout the 
season of 1934, from 0 to 75 percent of the indivfiduals in each collec- 
tion yielded A. stewarti. 

Very rapid development of lesions of bacterial wilt following feeding 
on the corn leaves by the corn flea beetle was observed under field 
conations. The average increase in length of lesions in four lots 
during a 9-day period varied from approsumately 10 to 14 times the 
original size. The increase in size of the vfilt lesions was greater on 
the Golden Bantam corn grown from seed produced in Oregon and 
Idaho than on corn grown from seed produced in wilt-infected areas. 
Plants produced from seed grown in a section where the disease 
does not occur are often more susceptible to bacterial vilt than are 
plants from seed grown in wilt-infected areas. 
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SUMMARY 

Bacterial \\ilt of com is not transmitted through the soil; this 
finding confirms the results obtained by earher workers. 

Direct transmission of bacterial wilf from infected to healthy com 
was effected by means of three species of beetles,, Chaetocnema puli- 
caria, C, denticulata, and Diahrotica duodecimpunciata^ thus Terifying 
earher work of this type. Similar tests with 13 other species of insects 
yielded only negative results. 

Aplanobacter stewarti was found to pass the winter in a virulent 
condition in the bodies of the hibernating adults of the corn flea 
beetle, Chaetocnema pulicaria. Approximately 19 percent of 175 
of these overwintering beetles which were tested during April 1934 
yielded A. stewarti. Young corn plants are inoculated with bacterial 
wilt in the spring by the feeding of these beetles, and this appears to 
be the chief source of early infection each year. 

A total of 7,338 insects, representing 40 species in 33 genera, col- 
lected on or near corn infected with bacterial wht, during the corn- 
growing season in 1934, were tested for the presence of Aplanobacter 
stewarti, and eight species yielded this organism. A total of 3,977 
isolations were made, 1,464 of which were suspected of containing 
A. stewarti and were tested by inoculation on corn, 953 yielding positive 
results. 

Of 90S adults of Chaetocnema pulicaria collected from sweet corn 
at Arlington Experiment Farm, during the period May 14 to Septem- 
ber 19, an average of 40.3 percent yielded Aplanobacter stewarti, 
whereas of 669 adults of the same species collected during the same 
period from various other host plants (including field corn) at the 
same place an average of 12.1 percent gave A. stewarti. The maxi- 
mum proportion of isolations of A. stewarti obtained from adults of 
C. pulicaria was 75 percent. 

Collections of adults of Chaetocnema pulicaria from 12 different 
host plants and from 29 different localities yielded Aplanobacter 
stewarti in from 0 to 75 percent of the individuals in each collection. 

Of the 684 adults of Chaetocnema pulicaria collected and tested 
late in the fall when they were about to hibernate, 13.1 percent yielded 
Aplanobacter stewarti. 

In addition to com, teosinte {Euchlaena mexicana) and jobs-tears 
{Goix sp.) were found to be hosts of Aplanobacter stewarti. Infection 
was obtained both by needle inoculations and through the feeding of 
infective flea beetles, Chaetocnema pulicaria. Tests with several other 
grasses yielded only negative results. 

The length of bacterial wilt lesions, following feeding injury by 
adults of Chaetocnema pulicaria on corn in the field, was found to 
increase approximately 10 to 14 times the original size during a 9-day 
period in 1933. 

Compared with 1932 and 1933, the amount of bacterial wilt in 
eastern New York and in New England was much reduced in 1934 
following the low temperatures of the previous winter. Chaetocnema 
pulicaida was not found abundantly north of central Pennsylvania 
during 1934. The relationship of winter temperatures to the abun- 
dance and distribution of the insects which overwinter and disseminate 
Aplanobacter stewarti may be very significant in predicting the ap- 
pearance of bacterial wilt of corn in destructive abundance. 
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GROWTH INHIBITION IN THE POTATO CAUSED BY A 
GAS EMANATING FROM APPLES > 

By O. H. Elmer - 

Afisistant plant pathologist^ Kansas Agricultural Experiment Station 

INTRODUCTION 

When the potato, Solarium tuberosum L , is confined wfith gases 
emanating from apple fruits its growth is arrested. Tliis reaction 
was first noted in investigations of temperature effects on the patho- 
genicity of Bhizocionia to the potato. All the potato seed pieces 
kept in incubators in a cold-storage room containing apples produced 
small, abnormal sprouts (7).^ Subsequent investigations have 
proved that a volatile substance normally produced hj ripe apple 
fruits was the cause of this growth inhibition. 

The object of this paper is to describe the morphological and physio- 
logical effects on the potato of the growth-inhibiting gas from apples, 
and to present information concerning the characteristics and chemical 
identity of this substance. 

Sound, nondormant potato tubers, growing potato plants, and ripe 
apples (fruits of Malus mains) were used in these studies. The pota- 
toes, usually cut into seed pieces, were planted in moist soil, sawdust, 
or sphagnum, imder conditions favorable for them growth. The 
planted seed pieces or the growing plants, together with a few’ apples, 
w’ere placed in a closed container in order to provide a sufficient 
concentration of the growth-inhibitoiw’ gas from the apples, but the 
fruits were never in actual contact with the potatoes. As a rule, 
containers with a capacity of approximately 2 cubic feet or less were 
used, and generally the tests were made in the greenhouse. The 
controls consisted of potatoes growing under similar environmental 
conditions except that apples w’ere omitted from the container. 

MORPHOLOGICAL CHANGES IN THE POTATO PLANT DUE TO THE 
PRESENCE OF APPLES 

EFFECT ON THE SPROUTS 

The volatile substance from apple fruits affects the potato plant 
by markedly limiting the growth of the stem and roots. The limited 
sprout growdh develops radially approximately as fast as longitu- 
dinally, and there results a tuber like structure closely appressed to 
the potato eye (fig. 1, A, and B). Radial enlargement is most rapid 
near the apex, where the tissues are still meristematic. Rupturing of 
the outer layers near the apical end frequently occurs (fig. 2, B), 

Abnormally thickened and fleshy rootlets sometimes develop from 
the sprouting eyes (fig. 3, C). When normal potato roots are exposed 
to the gas from apples, apical growth ceases, and abnormal enlarge- 
ment in diameter occurs near the tip (fig. 2, B). 

1 Received for publication Nov. 12, 1935, issued May 1936 Contribution no 352, Department of Botany, 
Kansas State College of Agriculture and Applied Science 

2 The studies of the chemical nature and characteristics of the growth-mhibitory gas were performed with 
the advice of Dr H. N. Barham, of the Kansas State College of Agriculture and Applied Science, Depart- 
ment of Chemistry. 

3 Reference is made by number (italic) to Literature Cited, p 626. 
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Figure: l, — Sprout development in potatoes exposed to growth-inhibiting gas: A, Stunted, abnormal 
sprouts from seed pieces confined 10 days with apples; B, stunted, abnormal sprouts from seed pieces 
confiaed 10 days with hawthorn frmts; C, normal sprouts from control seed pieces 
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riGUEE 2.— Duration of the eflect of growth-inhibiting gas on sprout development: Sprouts grown 7 

days with apples and then 7 days without apples, jB, sprouts grown 7 days -s^ithout apples and then 
7 da^-s with apples. 
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A lest was made early in these investigations to determine whether 
the conditions under which potatoes had previously been kept had 
any effect upon their response to the growth-inhibiting gas from 
apples and whether different varieties of potatoes reacted similarl^^ 
when confined with apples Tubers of Early Ohio and Irish Cobbler 
from ^linnesota, Netted Gem from Idaho, Spaulding Rose No. 4 



^ a"}' sprouts developed from tubers confined 14 days with cider B abnormal 

from tS^rs abnormal sprouts developed 
iruiu Luoers connnea 14 days with sound apples, B, normal sprouts from the controls. 


from Mame, Bliss Triumph from Montana, tVhite Triumph from 
western Kansas, and an undetermined variety from Oregon were 
tested. All of these lots of potatoes produced the characteristic 
abnormal growth, and the responses of the different varieties were 
Similar. 

o, apples may suppress the bud dominance in the tuber 

ej e and thus make it possible for buds to develop that would normally 
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remain dormant and for multiple sprouting to result This was 
particularly noticeable in the Triumph and Early Ohio varieties in 
which from 7 to 12 buds started growing from numerous single eves. 
Smgle buds, however, also developed from some of the eyes of these 
same tubers, but the potatoes that were confined with apples pro- 
duced a greater number of sprouts on an average than did the control 
tubers. 

A test was made to determine whether the effect of apples on bud 
dommance persists after the tubers are planted in the field Fortv 
Irish Cobbler and 40 Bliss Triumph tubers that had been held in 
storage with apples were cut into seed pieces and then planted. They 



FiGxmE 4— Preservative effect of apples on 60-pound lots of potatoes stored with apples from January 
^til J^e m 5-cubi^fwt containers. A, Tubers stored with 10 pounds of apples; B, tubers stored with 
0 pounds of apples, C, tubers stored with 1 pound of apples, D, control tubers 


produced 198 and 171 sprouts, respectively, while the 40 control 
tubers of each of these varieties produced 159 and 135 sprouts, re- 
spectively. In this test the Irish Cobbler and Bliss Triumph tubers 
that had been held with apples both produced approximately 25 per- 
cent more sprouts than did the control tubers. 

When tubers were planted in moist sod under favorable growing 
conditions and confined with apples, abnormal sprout development 
was more rapid than was the case when the tubers were kept dry. 
Figure 3, (7, illustrates the sprouts that developed in 2 weeks from 
treated tubers planted in moist sod, and figure 4, A, illustrates the 
smaUer sprouts produced by tubers held with apples from January 
untd June in a commercial potato-storage house. 
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Dukation of thp: Effect 

The inhibition of normal growth apparently becomes operative as 
soon as potato plants are placed under the influence of a suflhcient 
concentration of the growth-inhibiting gas. Wiien affected potatoes 
are removed from its presence, nomial growth is apparently resumed 
immediately. 

Pots containing sprouting seed pieces planted in soil were placed 
in two closed cans, one of which contained apples. At the end of 7 
days the seed pieces in the can containing apples had produced 
stunted sprouts, whereas those not exposed to apple gas had produced 
normal sprouts averaging more than 5 cm in length. 

The two lots of seed pieces w^ere interchanged ; those that dm'ing the 
first 7 days of the test had produced normal sprouts were placed in the 
contamer with apples, and those grown in that container the first 7 
days were transferred to the container in which there were no apples. 
Dui'ing the next 7 days the seed pieces in the container with the 
apples made no appreciable growth in length, but theii* stems en- 
larged radially 300 percent (fig. 2, B). Radial enlargement was most 
rapid near the apex, where the tissues were still meristematic. Fre- 
quently the outer layers ruptured near the apical end. 

Linear growth started immediately in the sprouts stunted the first 7 
days of the test (fig. 2, A) and averaged more than S cm dm*mg the 7 
days they were in the container without apples. The basal radial 
enlargements were still evident at the end of the second week. 

Seed pieces which had been planted in soil and confined with apples 
for 2 weeks were planted at a depth of 3 inches in a soil bed, and a like 
number of seed pieces which for the preceding 2 weeks had been 
planted in soil but not confined with apples were planted alongside at 
the same depth. The short, thickened sprouts of the seed pieces 
confined with apples were not removed. Only sprouts that were 5 
mm or less in lexigth were allowed to remain on the seed pieces that 
had not been confined with apples. No significant difference was 
noted in the time required for sprout emergence from the two lots. 
This indicates that the effect of the growth-inhibiting substance did 
not persist after the potatoes were removed from this gas. 

EFFECT ON THE GREEN PLANT 

Above-ground portions of the potato plant are definitely affected 
by the growth-inhibiting gas from apples. Noimal growth ceases, 
the leaf blades, leaf petioles, and stems become abnoraially rigid, and 
the older leaves bend downward as though wilted. Crocker (4) noted 
this effect, known as epinasty, on certain other plants when they were 
subjected to the gases ethylene, acetylene, propylene, butylene, and 
carbon monoxide. 

The drooping of the potato petioles began within an horn* after the 
plants were placed under a bell jar with apples, and the response was 
veiw noticeable after 2 or more hours. The time lag of an hour before 
visible symptoms appeared was probably due to the fact that the 
necessary dosage of the inhibitory gas had to accumulate and that it 
took the plant some time to react. 

The potato plants were allowed to remain under bell jars for several 
days (fig. 5) in this experiment. After 3 or 4 days the older leaves of 
plants exposed to the apple gas became chlorotic. This was followed 
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by the loss of all green color, after which the petioles became detached 
by abscission. The very young leaves at the tip of the stem remained 
green and in an upright position but became rigid and did not grow 
perceptibly. While terminal growth of the plants held with apples 
was practically stopped, there occurred an abnormal radial growth or 
thickening of the stems and of the petioles of the partly developed 
leaves that remained attached. This thickening of the leaf petioles 
was greatest at the axils. Control plants held under bell jars vdthout 
apples produced a normal growth. 

EFFECT ON STORED POTATOES 

Potatoes were stored with apples in boxes with a capacity of 5 cubic 
feet from January until early sumnaer in order to obtain information 
on the effect of the gases from this fruit in preserving the tubers. 



Figure 5 — Effect of the grovrth-mliibitiag gas from apples on the potato plant A, Control plant held 
2 weeks under bell jar; 5, potato plant conmied 2 weeks with apples The oldest leaves of B became chlo- 
rotic and died, the younger leaves curved downward, became rigid, and the petioles enlarged radially, 
especially at the axils. The stem also became thickened. 

This experiment was first made in 1933 and was repeated in 1934. 
The storage boxes, which were not completely closed in order to allow 
ventilation, were held in a commercial potato-storage house at Topeka, 
Kans., which was kept at approximately 10° C. until IMarch, after 
which the temperature rose because of the warmer weather, as artificial 
cooling facilities were not available. 

Sixty pounds of sound Irish Cobbler potatoes were placed in each 
of four of the boxes on January 29, 1933, and to three of them were 
added respectively 1, 5, and 10 pounds of Winesap apples. The 
potatoes in a fourth box containing no apples served as a control. The 
test was completed June 24, at which time the four lots of potatoes 
were weighed, and final observations were made on their condition. 

The tubers that were stored with the 5-pound and the 10-pound lots 
of apples developed the abnormal sprout growth that is induced by 
the gas from apples. They had remained firm, and none had decayed. 
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Inliibition of sprouting was most pronounced in the potatoes that were 
stored with 10 pounds of apples, and these tubers were m the best 
state of preservation, as is indicated in figure 4, ^4. The potatoes that 
were stored with 1 pound of apples produced sprouts that exhibited 
an unmistakable growth inhibition, although they resembled the con- 
trols closely. Oidv two potatoes had decayed, but the tubers were 
shiiveled and in poor condition (fig. 4, C). The control tubers (fig. 4, 
D], on the other hand, had sprouted profusely, and w'ere decidedly 
shriveled and in poor condition, and a few had decayed. The sprout 
growth from the control tubers was abnormally branched, and many 
of these sprouts, particularly in the lower layers of tubers, were deacl. 
This condition was probably due to the lack of ventilation in the 
boxes. The loss in weight oh the control tubers, after the sprouts were 
removed, was 8.75 pounds, and the loss in weight of the tubers that 
were held with 1, 5, and 10 pounds of apples was respectively 8.5, 
7.25, and 4.75 pounds. 

The potatoes that had been stored with 10 pounds of apples tasted 
sweeter than did the control tubers, indicating that more of the starch 
had been hydrolyzed to sugars. This effect is of considerable impor- 
tance in regard to the practicabihty of using the growth-inhibiting 
gas from apples for preserving stored potatoes. 

The storage test was repeated in 1934, but the quantities of apples 
in the three boxes were increased to 5, 10, and 20 pounds. The test 
was started in January and completed in June, and the results were 
similar to those obtained in 1933. The tubers that were confined with 
apples produced only a limited sprout growth, and they were better 
preserved than were the control tubers. A considerable number of 
tubers, however, were decayed, and comparative weight decreases 
which were due to respiration and evaporation could not be obtained. 
The state of preservation and the sprout development of the potatoes 
stored with the 10-pound and with the 20-pound lots of apples were 
similar. This suggests that under the conditions of these storage 
tests, 10 pounds of apples supplied to 60 poimds of potatoes a sufficient 
concentration of the growth-inhibiting gas for maximum prevention 
of sprouting. 

In order to learn what effect the volatile gas from apples has on seed 
potatoes, tubers of the varieties Irish Cobbler and Bliss Triumph were 
planted in the field after they had been confined with apples for 60 
days. Untreated tubers were planted as controls. The time required 
for the emergence of sprouts was similar for both the untreated and 
treated^ lots. The treated Cobbler and Triumph tubers produced 
respectively 25 and 27 percent more sprouts than did the control 
plants, but the yields were similar. The increased number of sprouts 
from the treated tubers is e\T.dently an effect of the gas from apples, 
which causes bud dominance in the potato eye to be overcome. This 
test indicated that potatoes to be used for planting may be preserved 
with the growth-inhibiting gas from apples without harmful effects 
to their productivity. 

SOURCE OF THE GROWTH-INHIBITING GAS 

All the apple varieties that were tested caused growth inhibition of 
the potato, and this characteristic appears to be common to all ripe 
apples. Abnormal growth response of potato sprouts were obtained 
with Winesap, Stayman Winesap, Jonathan, Ben Davis, Gano 
DeUcious, Rome Beauty, and Yates apples. ^ 
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Certain other fruits and vegetables were kept in closed containers 
vith sprouting potatoes in order to ascertain whether, like the apple, 
they produce a growth-inhibiting gas. An inhibited sprout growth 
was produced by pears, Pyrus communis (varieties Bose and Kieffer), 
and by the fruits of the hawthorn, Crataegus criis-galU (fig. 1, B). 
Normal growth resulted when the planted tubers were subjected to the 
gases produced by bananas, onions, oranges, or sweetpotatoes. 

Immature apples did not cause growth inhibition in the potato 
plant, and it appears that the growth-inhibiting substance is not 
produced by such fruits. 'When the immature apples were held, 
however, until they had ripened and were again placed in an enclosed 
chamber with potatoes, they caused the characteristic growth 
inhibition. 

It w^as noted that the growth-inhibiting substance is produced in 
smaller quantities by overripe fruits and not at all by decayed fruit 
tissue. When sound but overripe pear and hawthorn fruits were 
confined with potatoes, the resultant sprout growdh was thickened, 
elongated slowly, and was more or less intermediate betw'een the 
normal and the abnormal. A similar but less definite response was 
noted in overripe apples. When potatoes planted in soil were placed 
in a chamber with decaying apples, abnormal sprouting developed as 
long as healthy apple tissue was present, but normal growih began 
w^hen the apples w^ere entirely decayed. 

Studies w^ere made to determine w’hat tissues in the apple produce 
the growth-inhibiting gas. Freshly isolated mesocarp, endocarp, 
skin, and seeds were renewed daily in closed chambers containing 
sprouting potatoes. Inhibited growth similar to that occurring w^hen 
the whole fruit was used resulted in the potatoes that were confined 
wuth the mesocarp and with the endocarp tissues. Abnormal growdh 
of sprouts did not occur on the potatoes held in containers with the 
skin or the seeds of apples; and it appears, therefore, that these por- 
tions of the apple do not produce the growth-inhibiting gas. 

Growih inhibition w^as not obtained from potatoes that were con- 
fined with cider but did result when the potatoes w^ere confined with 
pressed apple pulp. Ground apples were pressed in a hydrauhe press 
under 19,000 pounds pressure, and the juice and pulp fractions were 
placed in separate closed chambers containing planted potatoes. 
Each portion of juice and pulp was aUow^ed to remain in the container 
for a day and w'as then replaced by a newly prepared portion. The 
normal sprout growth from the potatoes confined with the cider and 
the abnormal growth from those that were held with the pulp is 
shown in figure 3. 

Steam distillate from crushed apples w^as confined with sprouting 
potatoes but did not prevent normal sprout production. Newly pre- 
pared portions of the distillate W'ere supplied daily, and each portion 
wms allowed to remain but 1 day with the potatoes. The growth- 
inhibiting substance wms evidently not concentrated in the distillate 
from the fruits. 

CHANGES IN NORMAL PHYSIOLOGICAL PROCESSES 

RESPIRATION 

Measurements wrere made on the intensity of respiration from 
sprouting potato tubers that were growing in normal atmosphere and 
from tubers that were held in a similar environment with the excep- 
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lion that the atmosphere contained the volatile emanations from 
apples. 

The two lots of tubers were each confined in an enclosed chamber 
through wliich a stream of aii* was constantly drawn. The air sup- 
plied to the control-tuber lot was obtained dhectly from the laboratory 
and permitted normal sprout growth. The air supplied to the other 
lot of potatoes was charged with the volatile gases from apples by 
drawing air from the laboratory through a cylinder 25 cm in diameter 
and 75 cm long, filled with ripe apples. These potatoes produced the 
characteristic abnormal sprouting that results when growing potatoes 
are confined with the growth-inhibiting gas from apples. 

A measure of the intensity of respiration of the experimental 
potatoes w'as obtained from the increase in w^eight of soda lime after 
the salt had absorbed the carbon dioxide respired from weighed lots 
of the potatoes for measured periods of time. Atmospheric carbon 
dioxide w'as removed from the stream of air supplied to the growfing 
chambers by first passing the ah through soda lime. Calcium cliloride 
was employed to dry the air before it entered the soda-lime towers. 

Sound, uncut tubers were used, and then w'eight w^as recorded at 
the beginning of the test w*hen they were placed in the enclosed grow- 
ing chambers. Not less than 1,000-g samples of tubers were used. 
The different tests, w'hich were made at laboratory temperatures of 
approximately to 25*^ C., varied in length from lb. 5 to 21 days. 
moist atmosphere w^as provided for certain lots by packing the tubers 
in moistened sphagnum, w'hile other lots were kept in a dry atmosphere. 

Four series of tests on respiration intensity were made, and the 
results are recorded in table 1, This table records the w^eight in- 
creases of the soda lime from carbon dioxide resphed by the experi- 
mental tubers. In order that comparisons may be readily seen, there 
is given in the table the computed weight of carbon dioxide respired 
from 1,000 g of tubers during a period of 21 days. The percentage 
increase of carbon dioxide respiration from the affected tubers in 
excess of that from the nonaffected tubers is also given. 


Tvble 1. — Effect of the growth-inhibiting gas from apples upon respiration from 

sprouting potato tubers 
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Growth-inhibiting gas absent 

Growth-inhibiting gas 
present 











In- 

Date 

, Potatoes held 

1 moist or dry 

1 

i 

Length 
of test 

Weight 

of 

tubers 

Carbon 

dioxide 

respired 

Carbon 

dioxide 

respired 

per 
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CATALASE ACTIVITY 

Measurements were made on the catalase activity of potato tissue 
from tubers that had been affected by the growth-inhibiting gas pro- 
duced b}' apples and from tubers that had not been exposed to this 
gas. There is no universal agreement among plant physiologists 
concerning the significance of catalase activity in plants,' but It is 
generally considered that its intensity is a measure of physiological 
activity and that it is associated with the function of respiration. 

The measurements of catalase intensity were made from sprout 
and from tuber tissues according to the method adapted by Davis io). 
It was found by preliminary tests that the catalase actmty of sprout- 
ing potato tubers is greatest near the eyes, and tissue surrounding the 
eyes was consequent^ used for the tests. To weighed samples of 
macerated tissue was added 5 cc of hydrogen peroxide, and the amount 
of oxygen evolved in 5 minutes’ time was measured by the displacement 
of water in a burette. The results obtained and the computed amount 
of oxygen evolved per 100 mg of tissue are recorded in table 2. 

Table 2. — Effect of the growth-inhibiting gas from apples upon catalase aciiirify 
m the sprout tissue and the tuber tissue of the potato 


Normal tissue i 1 Affected tissue ^ 


Tissue and date 


Sprout 3 

Not 9. 1932.. 
Nov. 11, 1932. 
Jan 6, 1934... 

Jan 15, 1934- 
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S IS 

1 399 

3.5.5 

8 90 

422 

53 8 

12 75 

414 

41 0 

9.90 ! 

262 

55 1 

‘ 21. 03 

1 679 

56 4 

S 36 

639 

1 63 1 

11 70 

r 442 

39 0 

S 82 

535 

76 4 

14 28 

1 812 

7b S 

9 46 

522 

94 5 

1 18 10 

r 37v5 

j 53 1 

1 14 16 

160 

48 5 

1 30 28 

1 427 

72 8 

! 17 05 

205 

53 3 

1 26 00 

1 

r 380 

41. S 

11 00 

400 

68 6 

! 14.65 

i 300 

32 3 

10 77 

330 

60 1 

1 IS 21 

r 729 

50.6 

6 94 

562 

60.2 

: 10 71 

1 6S6 

72 0 

10 50 

; 580 

90 1 

' 15.53 

/ 296 

33 8 

11 42 

187 

63 8 

1 34. 12 

1 345 

52 7 

15, 28 

249 

62 3 

25 C2 


1 Tissues not affected by the growtb-mhibitmg gas. 

2 Tissues affected by the growth-inhibiting gas. 

3 Percentage increase of oxygen liberated by abnormal over normal, 79 SS. 
< Pecrentage increase of o.xygen liberated by abnormal over normal, 65 27. 


The tests on comparative catalase activity indicate that potato 
sprout and tuber tissues that have been affected by the growth- 
inhibiting gas from apples contain decidedly more of that enzyme 
than do the normal tissues. The catalase from abnormal sprout tissue 
liberated 79.88 percent more oxygen than did this enzyme from the 
normal sprouts, and the catalase from abnormal tuber tissue Hberated 
65.27 percent more oxygen than did that from the normal tubers. 
If is of interest to note that potatoes that had been affected with the 
growth-inhibiting gas from apples had both a higher respiration in- 
tensity and a greater catalase activity than did the normff potatoes. 
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OXIDASE ACTIVITY 

Comparisons were made of the oxidase activity of potato sprouts 
that had developed in the presence and in the absence of the growth- 
inhibiting gas from apples. The measurements of oxidase activity 
were made according to the simplified method of Bunzel (5). 

A higher oxidase acti^dty was recorded from abnormal sprouts 
than from normal sprouts, as is indicated in table 3. In a test made 
in January 1934 the oxidase activity from the abnormal sprouts was 
11 percent higher than that from the control sprouts, and in a test 
made 2 weeks later, the oxidase activdty from affected tubers was 
36 percent higher than that from the control tubers. 


Table 3. — Effect of the growth-inhibiting gas from apples upon oxidase activity 
in the sprout tissue and the tuber tissue of the potato 




Owgen absorbed by — 


Tissue 

Normal 

tissue 

Abnormal 

tissue 

Sprout 

Tuber 



Cc \ 

4 899 

4 437 

Cc 

5 457 
6. 035 


CHEMICAL ANALYSES OF NORMAL AND AFFECTED SPROUT AND 

TUBER TISSUES 

Chemical analyses were made of normal potato tubers and sprouts, 
and these analyses were compared with those of similar tissues from 
potatoes that had been held under the influence of the growth- 
inhibiting gas from apples, Irish Cobbler tubers were cut into longi- 
tudinal halves, and half of each tuber ■was placed in an enclosed 
chamber that contained Winesap apples. The tuber halves were 
covered vdih a layer of moist sphagnum to provide suitable conditions 
for growth. The other tuber halves were placed in the control cham- 
ber and were covered and held under similar environmental conditions 
except that no apples were present. The potatoes were allowed to 
grow approximately 1 month. The sprouts w^ere then removed and 
dried at 65° to 70° C. after first being heated to between 90° and 100° 
C. for an hour to stop enzymatic action. Tubers from both lots were 
sliced and similarly heated and dried. 

The analyses recorded in table 4 indicate the variations in com- 
position that existed between the affected and normal sprout and tuber 
tissues. The total nitrogen content of the compared samples was 
quite similar. The dried normal and abnormal sprout tissues con- 
tained, respectively, 3.70 and 3.66 percent total nitrogen, while the 
total nitrogen content of the normal and abnormal tuber tissues was 
respectively 2.12 and 2.11 percent. 


Table 4. — Chemical analyses ^ of sprout and tuber tissues from normal potatoes 
and from potatoes affected by the growth-inhibiting gas from apples 


Tissue : Total i 

: t'en I 

i 1 ' 

Starch 

Herai- 

cellu- 

lose 

Crude 

fiber 

Ash 

Water 

Sprout* PfTcent Percent \ Percent 

Normal 3 70 I 1 so ; I5.4t> 

Abnormal I 3 66 * 2. 61 20 06 

Tuber , i 1 

Normal ; 2. 12 ' I OS i }»4 

Percent 

13.46 

17.41 

0 

0 

\ Percent 
\ 16 79 

! 16 67 

\ Percent 
\ 5.33 

6. 92 

Percent 
n 65 I 
7 06 ! 

Percent 
8 60 
7.00 

Pe^’ccnt 

91.24 

S9.09 

79 75 
78.11 

\bnormal 2 11 ' 1 03 i 3 20 1 

1 





J W qter analyses on a fresh-weight basis, other analyses on a dry-weight basis 



Apr 15,1936 Growth Inhibition in the Potato by Gas jrom Apples 621 


The albuminoid-nitrogen content of the dried nonnal and abnormal 
tuber tissues was respectively l.OS and 1.03 percent. A greater differ- 
ence in albuminoid-nitrogen content existed between the affected and 
the normal sprouts. The normal sprouts contained 1.86 percent of 
albuminoid-nitrogen, which is 50.27 percent of the total nitrogen 
content, while the abnormal sprouts contained 2.61 percent of albumi- 
noid nitrogen or 71.31 percent of the total nitrogen content. TVhile 
the total nitrogen content of the abnormal sprouts was similar to that 
of the normal sprouts, these anatyses show that it was largely in the 
form of the insoluble albuminoid nitrogen. The abnormal sprouts 
contained only 57 percent as much protein-free nitrogen as did the 
normal sprouts. 

Total sugars and reducing sugars were more abundant in the 
abnormal than in the normal sprouts. The normal sprouts contained 
approximately one-fourth less both of total sugars and of reducing 
sugars than did the abnormal sprouts. 

Tubers that had been exposed to the growth-inhibiting gas for a 
month contained five times as much total sugars as the untreated 
control tubers. This accounts for the relatively sweeter taste of the 
potatoes that were stored ^vith apples. Neither the normal nor the 
treated potatoes contained reducing sugars. 

The dry-weight starch content of the stunted and the normal 
sprouts was similar, and the hemicellulose content of these sprouts 
was also similar. No determinations were made of starch, hemicel- 
lulose, crude fiber, or ash in the tubers. 

The crude-fiber content of the dried normal and abnormal sprouts 
was, respectively, 11.65 and 7.06 percent, or a decrease of 40 percent 
in crude fiber in the affected sprout tissue. Ash constituted 8.6 per- 
cent of the dry weight of the normal sprouts and 7.0 percent of the 
dry weight of the abnormal sprouts. 

Water constituted 91.24 percent of the normal sprouts and 89.09 
percent of the abnormal sprouts before they were dried. The mois- 
ture contained in the fresh normal and the treated tubers was, 
respectively, 79.75 and 78.11 percent. 

Abnormal physiological activities, including enzymatic action and 
synthesis of carbohydrates and proteins, are induced by the growth- 
inhibiting gas and are apparently related to the morphological changes 
that occur in affected potato plants. The nature of this relationship 
has not been demonstrated, but it appears that the unbalance of 
carbohydrates and proteins within such plants is sufficiently great to 
affect their morphological development. Botjes { 1 ) observed the 
premature formation of tubers from the eyes of potatoes from which 
repeated crops of sprouts had been removed and offered the hypothesis 
that this abnormal tuber formation is caused by an unbalanced car- 
bohydrate and protein ratio in the mother tuber. He su^ested that 
after repeated crops of sprouts have been removed, a shortage of 
proteins may finally resrdt, under which conditions the formation of 
normal sprout tissue is hindered. A hypothesis may likewise be 
entertained that the gas from apple fruits may cause the permeabihty 
of the protoplasm of the potato to be changed, or that because of 
the effect of this gas on enzymatic action or on other functions, the 
potato may be unable to supply the developing sprout with the re- 
quired proportion of carbohydrates and proteins. Analyses of normal 
and abnormal sprouts indicate that an unbalanced ratio of sugars 
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622 


Journal oj Agricultural Research 


Vol 52, no 8 


and nitrogen compounds occurred in the abnormal sprouts. No 
great differences occiUTed in the amount of total nitrogenous materials 
in the compared sprouts, but albimiinoid nitrogen was more abundant 
in the abnormal sprouts. The abnormal sprouts contained only 
about 57 percent as much protein-free nitrogen as did the normal 
ones. Accompanying the reduction in protein-free nitrogen, the 
abnormal sprouts contained an excess of 34 percent in total sugars 
and 29 percent m reducing sugars. The effect of this abnormal ratio 
of carbohydrates and protein-free nitrogen may very probably be the 
cause of a decided lundrance in normal sprout development. 

INVESTIGATIONS TO IDENTIFY THE GROWTH-INHIBITING GAS 

FROM APPLES 

Attempts were made in these investigations to identify the volatile 
growth-inhibiting substance that is produced by apples. The char- 
acteristics of this gas were studied from its reaction to certain solvents, 
absorbents, and oxidizers. Sprouting potato tubers were also treated 
with the gases of various chemical substances, and the effect of these 
chemicals upon sprout growth was noted. 

A stream of air containing the volatile products from apples was 
treated with a solvent, absorbent, or oxidizing agent, and then drawn 
through a closed chamber that contained potatoes planted in moist 
soil. The index used to determine whether the growth-inhibiting 
gas had been destroyed was the ability of the potatoes to develop 
normal sprouts. The duration of the tests was approximately 14 
days, which allow^ed time for sprout growth of the tubers. 

I'he growth-inhibiting gas from apples was not removed or de- 
stroyed following dispersion through ethyl alcohol, mineral oil, petro- 
leum ether, toluene, benzene, amylacetate, or potassium hydroxide. 
Abnormal sprouting of the potatoes occurred after the growffh- 
inhibiting gas had been treated with these substances. 

Air contain i n g the gases from apples was passed through an electric 
furnace by way of a pyrex tube filled with a mixture of 1 part of plat- 
inized asbestos and 3 parts of black copper oxide. The treated air 
was then dravm tlirough chambers that contained growing potatoes. 
The furnace was kept at a glowing-red temperature during the 14-day 
period of the test. Normal sprout growth resulted from the test 
potatoes, as is shown in figme 6, Bj indicating that the growth- 
inhibiting gas was destroyed under the oxidizing conditions at this 
temperature. 

Activated charcoal (Norit), w'hich had been held at 100*^ C. for 36 
hours before the test, w^as used in an attempt to adsorb the growth- 
inhibiting gas by slowly drawing the gases from apples through a 
29-inch column of this adsorbent. No evidence was obtained that 
the growth-inhibiting gas w'as adsorbed, inasmuch as characteristically 
inhibited sprouts developed from the indicator potatoes. 

Attempts were made to oxidize the growffh-inhibitmg gas from 
apples by dispersing it through a 2-percent solution of potassium per- 
manganate made alkaline by the addition of 2 percent of potassium 
hydroxide. The resultant sprout growth of the tubers was not 
normal, but slowly elongating, somewhat thickened sprouts that were 
intermediate between normal and abnormal were produced in one of 
the tests. Evidently the gro-wth-inhibiting gas was not completely 
oxidized. 
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Absorption of the gi'owth-inhibiting gas from apples was attempted 
with sulphuric acid, fuming sulphuric acid, and chlorosulphonic acid. 
The gases frona apples were passed through these acids in a Bowen 
potash-absorption bulb. Moisture was removed from the ah stream 
with calcium chloride before the gases entered the absorption bulb, 
and the acid fumes were removed vdth a 40-percent potassium 
hydroxide solution before the ah stream entered the potato-growing 
chambers. The growth-inhibiting gas was destroyed both by fuming 



Figtjee 6 —The effect of absorption or o\;idation on the growth-mhibiting gas from apples* A, Xornial 
sprouts produced after the growth-inhibitmg gas had been absorbed with chlorosulphonic acid; B, normal 
sprouts produced after the growth-inhibitmg substance had been oxidized under high temperatures, 
C, control, normal sprouts from tubers not subjected to the growth-mhibiting substance; 1>, control, 
abnormal sprouts from tubers that were supplied with air contammg the gases from apple fruits, the air 
stream being a portion of the supply used for A and B. 


sulphuric acid and by chlorosulphonic acid,^ as was indicated by the 
development of normal sprouts from the potatoes that served as 
indicators (fig. 6, A). Sulphuric acid (nonfuming) did not completely 
absorb the growth-inhibiting gas, and abnormal sprouts developed 
from the indicator potatoes. 

An attempt was made to absorb the growth-inhibiting gas from 
apples with bromine. The gases from apples were dispersed through 


* Reported as an absorbent by Botjes (?). 
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hromine-saturated water, then through a bromine-saturated atmos- 
phere, after wliich the bromine vapors were stripped from the ah 
stream by dispersion tlmough potassium hych^oxide. This absorbent 
destroyed the growth-inhibiting gas and allowed normal sprouts to 
develop from the tubers that served as indicators. 

In the studies above described, the growth-inhibiting gas from 
apples was destroyed by substances that are known to react vdth 
ethylene. It was oxidized at a liigh temperature and apparently also 
by "potassium permanganate. Treatments with fummg sulphuric 
acid, chlorosulphonic acid, and bromine (substances known to be 
efldcient absorbents of ethylene) destroyed its growth-inhibiting 
property. 

Certain effects on the potato plant of the gas from apples are similar 
to previously described effects of ethylene on other plants, and the 
possibility that ethylene is the casual growth-inhibiting substance 
from apples was entertained early in this investigation. Denny {6) 
found that ethylene caused green lemons to respire from 100 to 250 
percent more carbon dioxide than noimal, and Kegeimbal et al. {9) 
noted that ethylene hastened the ripening of bananas, in which the 
liberation of carbon dioxide was doubled or trebled. It was found in 
the present investigations that approximately 100 percent more 
carbon dioxide than normal was respired by sprouting potatoes when 
they were exposed to the growth-inhibiting gas from apples. 

Crocker (4) found that ethylene, acet;vdene, butylene, propylene, 
and carbon monoxide produce epinasty of the leaves of certain plants. 
In the present investigation this reaction was produced in potato 
plants both with ethylene and with the gas from apples. 

Above-ground portions of the potato plant were confined in an 
atmosphere that contained 1 part of ethylene to 20,000 parts of air. 
The response of the leaves to this gas was similar to the response that 
followed when potato plants were held in closed containers with 
apple fruits. 

jPotato seed pieces planted in moistened sphagnum were confined 
in a similar concentration of ethylene in order to note the effect of 
this gas upon the development of sprouts and in order to compare 
their response with the effect that is produced by the growth-inhibiting 
gas from apples. The ethylene was renewed at 12-hour intervals after 
the air in the bell jars that enclosed the experimental potatoes had 
been completely changed. The effect of ethylene on the potato 
sprouts was not distinguishable from the effect that is produced by 
the growth-inhibiting gas from apples. The abnormal sprout growth 
that developed as a result of the treatment vith ethylene is illustrated 
in figure 7. 

Studies were made to identif\^ the growth-inhibiting substance 
from apples. Fuming siilphuric acid, as was noted above, proved an 
efficient absorbent of this gas, and it was consequently employed in 
this investigation. The gases ^ from apples were dispersed con- 
tinuously for a period of approximately 3 weeks through fuming sul- 
phiulc acid in Bowen potash bulbs. The spent acid was made alka- 
line with sodium hydroxide, refluxed to hydrolyze any ester present, 
distdled, and the distillate, after being oxidized, tested with the alde- 
hyde fuchsin reagent. A positive aldehyde test was obtained, which 
stiggests that the acid reacted wdth an olefin, that the resulting ester 
was hydi'olyzed to a primary alcohol, and that the primary alcohol 
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was oxidized to an aldehyde. This beha\dor indicates the probability 
that the growth-inhibiting gas is ethylene ^ and not acetylene, buty- 
lene, or propylene. The possibihty that the growth-iniiibiting gas 
from apples is acetylene is unhkely because acetaldehyde, formed 
when the acetylene-sulphuric acid addition product is hydrolyzed, is 
probably destroyed during the 3-hour period of refluxing in the pres- 
ence of an alkah. The assumption is made that the growth-inhibiting 
gas is ethylene rather than any other olefin because the aldehyde 



Figure 7 — Effect of ethylene on potato-sprout production. A, Sprout growth from tubers held with eth- 
ylene, 1 part to 20,000 parrs of air; B, control tubers held under a similar en-saronment e'scepc that no 
ethylene was present. 


fuchsm test indicated the presence of a primary alcohol, while the 
homologues of ethylene tend to form secondary and tertiary alcohols 
after addition reactions and subsequent hydrolysis of residtmg esters. 
Upon oxidation, secondary alcohols 3 rield ketones, which react rela- 
tively slowly with the fuchsia reagent, while tertiary alcohols are 
broken up into ketones and acids. 

s Oane (S) identified the gro^wth-inhibiting gas from apples as ethylene by employing bromine as the 
absorbent The investigations herein described were completed before Gane’s report was noted, and 
they corroborate his conclusions 
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SUMMARY 

A volatile substance, normally produced by apple fruits, causes 
striidng morphological and physiological abnormalities in the potato. 

Tins volatile substance is produced by the mesocarp and endocarp 
of sound ripe apples. Pears and hawthoin fruits also emanate this 
gas. Affected potato sprouts produce an abnormal radial growth, 
while longitudinal growth practically^ ceases, and a tiiberlike structure 
results. "Epinasty occurs in affected leaves. Apical growth of the 
green plant ceases, but radial enlargement results in the younger por- 
tions of the steins and in the leaf petioles. ^ Respiration and catalase 
acti^dty are approximately doubled, the oxidase acthdty is increased, 
and a change occurs in the nitrogen-carbohydrate balance of sprouts 
and tubers. 

The sprouting of potatoes in storage can be practically stopped 
and the tubers can be kept in a well-preserved condition by supplying 
a sufficient concentration of the growth-inhibiting gas. The total 
sugar content of the tubers is, however, increased, giving them a 
sweet flavor. Potatoes to be planted are apparently not injured by 
the growth-inhibiting gas. 

The growth-inhibiting gas is oxidized at high temperatures and 
with potassium permanganate. It is absorbed by bromine, fuming 
sulphuric acid, and chlorosulphonic acid. 

Analysis of the absorption products obtained by treating the gases 
from apples with fimiing sulphuric acid indicates that ethylene is 
produced by these fruits. 

The effect of ethylene upon sprout development and on the green 
portions of the potato plant was indistinguishable from the effect that 
is produced by the growth-inhibiting gas from apples. 
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SEED GERMINATION IN LOBELIA, WITH SPECIAL REF- 
ERENCE TO THE INFLUENCE OF LIGHT ON LOBELIA 

INFLATA^ 

By W. C. Muenscher - 

Assistant professor of economic hotani/j Xew York (Cornell) Agricultural Expervfieni 

Station 

INTRODUCTION 

The Indian tobacco, Lobelia inflata L., a common native annual of 
eastern North America, is the source of alkaloids used in certain drugs. 
Most of these alkaloids are obtained from wild plants. Experimental 
plantings have been made, however, to determine the effect of various 
treatments on the alkaloidal content of L. inflata under cultivation,^ 
and in recent years attempts have been made to grow it commercially. 

Six years ago several samples of Lobelia inflata seed were submitted 
to the writer vdth the complaint that when planted the seed had failed 
to grow. Germination tests on these seeds had also been unsuccessful. 
The question then arose, Are these seeds immature, dormant, or dead? 
After subjecting lots of these seeds to various treatments employed to 
induce germination, such as alternating temperatures, chilling, freez- 
ing, soaking in sulphuric acid, h 3 ^drochloric acid, or hot water, and 
removal of seed coats, it was found that some of the samples were dead, 
and that strong light was necessary to obtain any germination from 
the others. The exact age of the seed samples was unknown, and no 
information was available concerning the condition of the seeds at the 
time of harvest. In order to obtain information on the effect of age 
upon the conditions necessary for the germination of L. inflata an 
experiment was begun in 1930 with fresh seeds of known age. 

MATERIALS AND PROCEDURE 

Seeds of Lobelia inflata were obtained from six locahties: (1) Marion, 
Va. ; (2) Asheville, N. C. ; (3) Statesville, N. C. ; (4) Chateaugay, N. Y. ; 
(5) Newport, Vt. ; and (6) Lenox, Mass. The first three lots were 
commercial seeds from the crop of 1929, supplied by J. T. Lloyd of 
Cincinnati, Ohio. The last tln'ee were harvested from \dld plants 
when the fruits were ripe, about the middle of September 1930. These 
seeds were allowed to air-dry in the laboratory and were stored in a 
dark case in tightly stoppered glass bottles until they were used for 
making germination tests. 

All tests were made in duplicate with lots of 100 seeds. Preliminary 
gertnination tests were made with soil, water, paper towels, and 
unburned clay flower pots as substrata. The best germination was 
obtained in water or by placing the seeds on the moistened surface of 
a clay flowerpot. Small 1-inch pots were used for the germination 

1 Received for publication Jan 11, 1936; issued May 1936 

2 The writer is indebted to S. R Patrick and Helen Hazard for assistance in making the germination 
tests in 1934 and 1935 

3 MASCRk, M,, and Qenot, H experiences culturales sue la lobelie, “lobelu inflata” l 
Bull. Sei. Pharm. 39: 165-172. 1932 

and G6not, H. nouvelles experiences sue la culture de la lobelie (lobelu. inflata l ) 

Bull. Sci Pharm. 40 453-459. 1933 
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tests. The clay pots were inverted in a glass bowl of water so that 
the water reached within 5 mm of the surface holding the seeds. The 
bowls were covered with Petri dishes so as to provide a moist, well- 
lighted germination chamber. One series of chambers was set in a 
well-lighted room near a south window; the other series was placed 
in a dark chamber in the same laboratory room. 

The germinators were examined daily and the germinated seedlings 
were counted and removed on the ninth to twelfth day and at approx- 
imately 10-day intervals thereafter for 40 to 60 days. In the earlier 
tests the germinators in the dark were opened only in a dark room 
with artificial light, but later, when it was found that the short expo- 
sure to dayhght did not affect the germination of the soaked seeds, the 
seeds were examined from time to time in daylight. Germination 
tests were made of six samples over a period of from 4 to 6 years. 

Germination tests of several other species of Lobelia were made, by 
the methods aheady described, in order to compare the results with 
those obtained with L. injiata. The following lots of seed were har- 
vested in the autumn of 1930 from mature fruits from plants growing 
wild in various parts of New York: i, cardinalis L., L. dortmanna L., 
L. kalmii L., and Z. siphilitica L. In addition, seed of Z. tenuior R. 
Br. and five varieties of Z. erinus L. were obtained from a commercial 
seed dealer. 

DATA AND DISCUSSION 

The results of germination tests with Lobelia injiata seeds from 1 
to 6 years of age are recorded in table 1. 


Table 1. — The germination of Lobelia inflnta seeds in light and darkness 
[100 seeds were used in each test] 


Lot no , source Year 
t>f sample, and of 

> ear of harvest test 


Duration of germi- 
nation test 


Ger- 
mma- 
1 non 


Begun , Ended j light 


' I Lot no , source 
, 1 of sample, and 
1 1 year of harvest 


Year 

of 

test 




1, Marion, Va , 
1^29 


/1930 ' 
1930 1 
1930 
{1931 I 

1933 ! 

1934 , 
U935 i 
[1930 

1930 , 

2, Aiheville. X. j}™ 
C,1929 

I 1934 
[1935 

3, Statesville, ! [1930 
X. C , 1929. j U930 ' 


Apr 17 
Alay 1 
May 12 
Apr 12 
Mar 16 
Mar 1 
Feb. 10 
Apr. 17 
Alav 1 
May 32 
Apr 12 
Mar 16 
Mar 1 
Feb 10 
Apr 17 
Aloy 1 


Julv 15 

--.do 

--.do 

Apr. 27 
Apr 20 
Alar 31 
Apr. S 
July 15 

...do 

-..do 

Apr 27 
.4pr 20 
Alar. 31 
Apr S 
Julv 15 
...do 


I 


Per- I 
cent \ 
16 ! 
59 , 
55 ! 
67 ' 

40 
4S 
28 

45 

46 
29 
55 
42 

41 
34 
64 
SS 


3 fetatesville, 
X C , 3929— 
Continued. 


4, Chateaugav, 
j! X. y., 1930' 

il 

j{ 5, Xewpor*^, Vt , 
j ! 1930 

; 6, Leno\, Alass., 
' , 1930 


[1930 
1931 
{ 1933 
1934 
11935 
[1931 
Jl933 
11934 
1193,5 
[1931 

11933 

11934 
[1935 
11931 
-mi 
11934 



Duration of germi- 
nation test 


Alay 

Apr. 

Alar 

Alar. 

Feb 

Jan 

Alar. 

Alar 

Feb. 

Jan, 

Afar 

.Apr. 

Alar 

Jan. 

Afar 

-Apr 


Ger- 

mma 

tion 


Ended ! light i 


July 15 i 
-Apr 27 i 
Apr. 20 1 
Alar 31 i 
Apr. 8 1 
Feb. IS 1 
Apr 20 I 
Alar. 31 ! 
.Apr S 
Feb 18 
16 Apr 20 
4 ' Alav 4 
29 I Apr. 2S 
2 , Feb IS 
16 1 Apr 20 
4 I Alav 4 


Per- 

cent 

SO 

81 

44 

36 

40 

0 

28 

4 

20 

0 

33 

93 

94 
0 
3 

24 


There n as no germination in darkness but when the seeds were exposed to light at the end of the 193.5 
.ndSr fallowing percentages of germination were obtmLd for the lot number. 


AU of the samples gave some germination in sunlight. No seeds 
gernLmated before the eighth day. Germination usually began on 
the mnth day and apprc.-dmately 80 percent of the total germina- 
tion occurred between the ninth and the twentieth days. There was 
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considerable variation in the percentage of germination in the samples 
of seed from different sources. All six samples continued to remain 
viable for from 4 to 6 years, or the duration of the experiment. The 
figures for samples 4, 5, and 6 indicate a period of low germination 
during the first year, possibly a period of dormancy due to other 
factors than^ light. In general, the percentage of germination 
increased during the second to fourth year and then decreased some- 
what. 

At no time did even a single seed germinate in the germinators kept 
in darkness. Some of the lots of seed after having been kept in the 
dark for 30 to 55 days without germinating were transferred to a 
room where they were exposed to sunlight, and within 9 to 30 days 
from 23 to 94 percent germination was obtained (table 1). These 
germination percentages were very similar to those obtained by plac- 
ing similar samples of seed directly in the fight. These Vesuits 
demonstrate the necessity of light for the germination of seeds of 
Lobelia injiata. 

It was thought that if large lots of seeds were placed in germina- 
tors, possibly a few seeds would be found to germinate in darkness. 
Accordingly, lots of several thousand seeds were scattered on the 
surface of water cultures and placed in dark chambers, and similar 
control cultures were placed in sunlight. The cultures in the light 
germinated well, but not a single seed germinated among those kept 
in the dark. 

To determine the influence of light on the germination of Lobelia 
injiata under field conditions, seeds of lots 1, 2, 3, and 5 were sown in 
rows in a garden (Dunkirk silty clay loam) on May 24, 1934. In one 
series the seeds were dropped on the surface of the soil and in another 
they were covered with about 1 cm of finely pulverized soil mixed 
with sand. No seedlings were visible before June 10, but from then 
on numerous plants began to appear from the surface-sown seed. 
Only three plants were found in the rows in which the seed had been 
covered. It would appear that in growing L. injiata from seed good 
results may be expected by sowing the seed on the surface of a finely 
prepared seedbed, as is frequently done with tobacco seed."^ Stock- 
berger,^ in discussing the planting of L. inilata seed states that it is 
better not to cover them but to sow them on the surface of the soil. 

The striking results obtained with Lobelia injiata suggested the 
desirability of testing other species of Lobelia to determine whether 
they would respond to fight in the same manner. The results of these 
tests, recorded in table 2, show that L. cardinally and L. si'philitica , 
lil^e L, injiata, failed to germinate in darkness. 

The results of the tests with L. dortmanna and L. kalmii are incon- 
clusive. In L. dortmanna, the water lobelia, an aquatic plant of 
shallow acid ponds and lakes, the seeds failed to germinate, probably 
because they had been killed by drying. These seeds normally 
mature in the water, or the capsules, borne on the slightly emersed 
peduncles, are but little raised above the surface of the water, so that 
they are kept continually moist until the seeds fall into the water. 
Seeds produced under such conditions probably do not withstand 
drying. To test the validity of this explanation, fresh capsules of 

* Kincaid, R. H. effects of certain envibonitental factors on geeminatton of Florida cigar- 
wrapper TOBACCO SEEDS. Fla. Agr. Expt Stn. Bull 277, 47 pp , illus. 1935. 

5 Stockbeegee, W. W. drug plants under cultivation, it S. Dept. Agr. Farmers* Bull. 636. 
1920 




TIME INTERVAL BETWEEN EGGS OF RHODE ISLAND 

RED PULLETS^ 


By F. A. Hays 

Resea) ch professor, Department of Poultry Husbandry, Massachusetts Agricultural 

Experiment Station 

INTRODUCTION 

The time interval between eggs laid on successive da^^s has been 
studied by a number of investigators. Warren and Scott “ have 
recently reported the results of carefuUy controlled expeiiinents to 
obtain more definite information relative to the time element in egg 
formation. They report for White Leghorns that the average time 
between eggs laid on successive days is 25.1 hours. Them studies 
indicate also that the variation between individual bii'ds in time 
interval between eggs is due largely to variations in the time the egg 
is held in the uterus. 

The studies reported here on Rhode Island Red pullets in the fii*st 
laying year were undertaken to discover possible relationships between 
the time between eggs within the clutch of individuals and some 
important fecundity and reproductive characters. 

DATA RECORDED 

Four hundred and nine pedigreed Rhode Island Red pullets bred 
for high fecundity and hatched from March 8 to May 22, 1926, were 
trap-nested hourly for a full laying year and the time of laying was 
recorded on the hour. In other words, eggs taken from the trapnests 
from 9 to 10 o^clock w^ere marked as laid at 9 o'clock, and so on 
throughout the day. Such a method of recording time w^as reasonably 
accurate within 1 hour but w^ould in general tend somewhat to increase 
the i^ecorded time interval over the actual time interval. The mean 
time interval within clutches from first pullet egg to March 1 w'as 
calculated for each individual, together with winter clutch size, 
winter egg production, hatching season egg weight, hatchabihty, 
persistency, and annual egg production. Alontmy time between 
eggs wns also calculated for 119 of these birds that wnre in one house, 
together with the monthly egg record of each individual. 

CHANGES IN TIME INTERVAL BETWEEN EGGS DURING THE 
PULLET LAYING YEAR 

Figure 1, based on the records of 119 birds, show's clearly that the 
mean time betw'een eggs laid on successive days varies greatly through- 
out the first laying year. The great majority of the bii*ds used in 
this study began their laying year in October. Figure 1 show's that 
pullets tend to begin their year with a relatively short period betw'een 

i Received for publication Dec. 9, 1935; is&ued May 1936. Contnbution no. 232 of tbe Massachusetts 
Acricuitural Expenment Station. 

^ W'aeren, D C , and Scott, H M the time factor in egg formation. Poultry Sei. 14 195-207, 
Ulus. 1935 
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eggs. The mean time interval for October was 26 hours. As the 
season advances into vdnter there is a rapid and consistent increase 
in time between successive eggs through the month of February. 
The records for JMarch show a pronounced shortening of the time 
interval, and April is characterized by the shortest time interval of 
the year, 25.7 hours. As spring advances into summer the time 
between eggs of a clutch increases and remains at a medium level from 
June through September. Examination of the individual records 
shows that the shortest monthly time interval recorded 23 hours 
for one bird during June and 23.4 hours for the same individual during 
April. Several birds showed a monthly mean of 24 hours for April. 
The maxhnum time interval recorded was 31.7 hours for one bird 
during February. The mean time interval for the entire year was 
26.49 hours. 

The mean montlily egg production of the same group of birds is 
shovn in figure 1. For the winter season up to March 1 there is a 



MONTH 

Figure 1 —Relation between monthly egg production and monthly interval hetw'een eggs, based on the 

records of 119 birds. 

tendency for monthly egg production to decrease as the time between 
eggs becomes greater. The spring season of normally heavy laying 
during IMarch, April, and May is accompanied by a shortened interval 
between eggs. The mean egg production during March was 22.34 and 
during April it was 21 .97. During June, July, and August egg produc- 
tion approaches the mean for the year, which is 16.15 eggs, and the 
interval between eggs is close to the yearly mean of 26.49 hours. 

In general, the data in figure 1 show that heavy egg production 
is associated with a short interval between successive eggs in a 
manner similar to the association between large clutch size and high 
egg production pointed out by Hays and Sanborn.^ 

INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO SIZE OF 

WINTER CLUTCH 

Data are available on 409 individuals representing a normal 
sample for time interval, as figure 2 indicates. The test gave a 

3 HA'is, F. A., and Sanborn, R, types of intensity in riiode island reds Mass. Agr Exnt Sta 
Bull 286, 11 pp 1932. 
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value for P of 0.3688. Table 1 presents the mean clutch size of 
the different time-mterval classes for 394 birds. The data show a 
constant decline in clutcli size as the time between eggs increases 
up to about 28.5 hours. When the time is greater than 28.5 hours 
clutch size shows no orderly decrease. ' 


Table 1 —Time hetiveen egga as related to winter clutch size and u inter production 

in 394 buds 


Time 

be- 

tween 

egss 

during 

winter 

(iiours) 

Birds 

Egg 

clutch 

size 

m 

winter 

Winter 

egg 

produc- 

tion 

Time 

be- 

tween 

eggs 

during 

winter 

(hours) 

Birds 

Egg 

clutch 

size 

in 

winter 

W inter 
egg 

produc- 

tion 

Time 

be- 

tween 

eggs 

durmg 

winter 

(hours) 

Birds 

Egg 

clutch 

size 

m 

wmter 

Wmter 

egg 

produc- 

tion 

24. 0... 

Number 

1 

Number 

10.50 

Number 
65 50 

26 5.„ 

Nil mher 
64 

Number 
2 77 

Number 
66. 59 

! 

29.0__ 

Number 

17 

Number 
1 44 

Number 
32. 56 

24.5... 

17 

6 00 

85 50 

27. 0... 

53 

2 25 

60 03 

29 5... 

5 

1.60 

35 50 

25 0... 

23 

5. 00 

87,24 

27. 5,.. 

47 

2.06 

54.86 

30. 0_. 

4 

1 13 

10 50 

25 5 

37 

3,64 

74 42 

28 0 ._. 

51 

1.85 

49.42 

30 5.._ 

1 

1 50 

15 50 

26 0 ... 

50 

3.15 

76. 90 

28 5... 

23 

1 63 

41. 15 

31.0.._ 

1 

1.00 

25 50 


Figure 3 presents the sarne data in graphic form. The rate of 
decrease in clutch size with increased time intervals does not follow 
a straight line, but rather a hyperbolic cmwe. The equation of the 



24.0 24.5 25.0 25.5 26.0 26.5 27.0 27.5 28.0 28,5 29.0 29.5 30.0 30.5 31.0 

TIME BETWEEN EGGS CHOURS) 


Figtre 2 — FrequRncj’ distribution of time between eggs during winter (to Mar. 1, 1928) for 409 birds. 


curve shown in the figure is 2 /^— 0.52r2/+96.67^+5.82r"— 326.19r= 
“4,656.01. This cmwe fits the actual data very closely for the 
clutch-size classes that correspond with time-interval classes up to 
28.5 hours. This includes 366 out of a total of 394 birds. 

These data fiumsh evidence that large clutch size definitely 
depends on short time intervals between eggs and that clutch size 
does actually measure the rate of functioning of the female reproduc- 
tive system. The mean winter time interval was 26.9 hours. 
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INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO WINTER 

EGG PRODUCTION 

In table 1 is shown the mean winter egg production for the dif- 
ferent classes of layers with respect to time between eggs. There 
is a generally consistent and regular decline in winter egg production 
as the time between eggs increases. With an increase in time from 
24.5 hours to 29.5 hours^^there was a decrease in winter egg production 
from 85.5 eggs to 35.5 eggs. These data indicate that any increase in 



TIME BETWEEN EGG5 (HOURS) 

Figure 3 —Actual and calculated time between eegs during wunter, as related to mean size of clutch, for 

394 birds 

the time interval between eggs in a clutch is likely to be followed 
by a significant decline in egg production. 

INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO 
HATCHING-SEASON EGG WEIGHT 

A group of 47 of these birds was used for breeding in the spring 
of 1927. The eggs were weighed diuing the last week of February 
and the first week of March to secure an approximation of the egg 
weight of each bird during the hatching season extending from 
February 22 to March 20. 


Table 2.' — Time between eggs as related to egg weight during^ hatching season and 
to haichahility in /-f7 buds used for breeding 


Time be- 
tween eggs 
during 
winter 
(hours) 

Birds 

Egg 

weight 

durmg 

hatching 

season 

Hatcha- 
bUity 
of eggs 

Time be- 
tween eggs 
durmg 
winter 
(hours) 

Birds 

Egg 

weight 

during 

hatching 

season 

Hatcha- 
bility 
of eggs 

24.5 

Number 

3 

8 

11 

10 

Grams 

50 3 
52 9 
55 2 
54 8 i 

1 

Percent 

35 0 
63 8 
50.5 
62 3 

26 .5 

Number 

11 

2 

2 

Grams 
54.0 
52 0 
.52,5 

Percent 
58.0 
50 0 
35 0 

25 0 . 

27. 0 ; 

25 5 



27.5 j 

26.0... j 
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In table 2 the mean egg weight of the birds classified with respect 
to time interval is presented, xis the table shows, no birds were 
used for breeding that had a time interval greater than 27,5 horn's; 
all were, therefore, intense layers. The maximum egg weight of 
55.2 g occurred in the group with an average interval of 25.5 horns. 
When the interval was less than 25.5, or more than 26.5 hours, egg 
size was significantly below average. These limited data confirm 
the idea that very rapid laying is likely to be associated with small 
eggs, as Hays has pointed out. 

INTERVAL BETWEEN EGGS IN WINTER AS RELATED TO HATCH- 
ABILITY, PERSISTENCY, AND ANNUAL PRODUCTION 

The relation between the mean time between eggs up to March 1 
and percentage of fertile eggs that hatched is set forth in table 2. 
There is some e\Ideiice that the eggs of birds that lay successive eggs 
at 24.5- or 27.5-hour intervals may be low in hatchability. This is 
in agreement with the findings of Hays and Nicolaides that birds 
laying eggs developed only to the pregastrula or early gastrula stage 
are likely to have low records of hatchability. The data further 
tend to show that when the eggs are laid at intervals greater than 27 
hours the hatchability may be low. The most satisfactoiw hatch- 
ability^ was obtained from individuals having a mean time interval 
from 25 to 26 5 hours. 

Persistency records covering the 365-day laying year are available 
for 246 birds. In table 3 the mean persistency record for the differ- 
ent winter season time-interval classes is recorded. The data show 
a consistent decrease in persistency with each increase in wdnter time 
interval up to about 27.5 hours, after wliich the decrease is less orderly. 
The data point to an important association between rapid rate of 
laying in winter and pemistent laying at the end of the year. Such a 
relation is of considerable economic importance. 

T\bl'e 3. — Time between eggs as related to annual persistency and annual egg 

production in 2^6 birds 


Time be- 
tween etrss 
during winter 
(hours) 

Birds 

Annual 

persist- 

ency 

Annual 
egg pro- 
duction 


Wumber 

Bays 

Number 

24 5-_ 

13 

352 38 

238 92 

25 0 

18 i 

337 00 

228. 67 

25 6 - 

25 

355 00 

216 00 

26 0. _ 

32 

330 75 

215 91 

26 5 . 

4.5 

32H 28 

209 09 

27 0 ... 

35 

325 57 

194 14 


Time be- 
tween cirgs 
during winter 
(hours) 

Birds 

Annual 

persist- 

ency 

Annual 
egg i>ro- 
duction 

27 5 

Number 

27 

Bays 

330 52 

Number 
186. 07 

28 0 

h 

330 10 

205.10 

28 5 

14 

317 30 I 

165. 57 

29 0 

7 

2S7 00 - 

169. 14 

29 5.^ 

3 

303 67 ; 

162 00 


The relation between time interval between eggs for the winter 
season and annual egg production is also showm in table 3. There is a 
generally regular decline in egg production with each increase in 
interval betw^een eggs. In other wnrds, the ability to niamifacture 
eggs in rapid succession during the winter season is a very good indi- 

* Hats, F. A. increase in egg flight during the pullet laying tear. PouJtry Sci. Assoc Proc. 
(1930) 22, lG-19, illus. 1931 

5 Hays, F A , and Nicolaides, C variability in development of fresh-laid hen eggs Poultry 
Sci 13.74-80, Ulus 1934. 
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cation that the bird will have a high annual egg record. The data 
show that an increase in time interval between eggs from 24.5 to 28.5 
hours gave a decline in annual egg record from 239 eggs to 166 eggs. 
As the time interval becomes greater than the population mean of 
26.9 hours there is a slight falling off in the rate of decrease in egg 
production in relation to increase in time interval. 

SUMMARY 

The mean time interval between eggs laid on successive days was 
calculated on 394 Rhode Island Reds from first pullet egg up to IMarch 
1. Monthly time intervals were determined on 119 of these birds 
which were housed together. A study was made of the relation of 
the time interval between successive eggs to several fecundity and 
reproductive characters. A number of significant relationships were 
observed, as follows: 

(1) IMonthly time interval between eggs reached the lowest level 
during April and stood at a relatively low level during the months of 
maximum egg production. The greatest time interval occurred dur- 
ing months of lowest production. 

(2) Short time intervals between eggs for the winter season were 
characteristic for birds showing large clutch size. 

(3) Short time intervals between eggs up to IMarch 1 were char- 
acteristic of heavy vinter producers. 

(4) A mean vinter season time interval of 25 5 hours or more was 
associated with maximum egg weight during the hatching season. 
^^Tien the time interval fell below 25.5 hours or was abo\^e 26.5 hours, 
there was a decrease in egg size. 

(5) There was some evidence that a winter time interval as low as 
24 5 hours may be associated with low hatchability. 

(6) In the biiMs studied each increase in winter time interval 
tended to be followed by decreased persistency. 

(7) Short winter time interval between eggs was definitely asso- 
ciated with high annual egg production. The winter time interval 
appears to have definite value in predicting wiiat the egg record may 
be at the close of the pullet laying year. 



ACCURACY OF THE DETERMINATION OF LEAD AND 
ARSENIC ON APPLES ' 

By Donald E. H. Frear and W. S. Hodgkiss, Departynent of Agricultural and 
Biological Chemistry, Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

The accuracy of the Gutzeit method for the determination of 
small amounts of arsenic has been studied by serveral workers (2, 3, 
4, 8)j^ but the accuracy of the determination of similar small amounts 
of lead has apparently not been investigated. Federal and State 
regulatory bodies have now concerned themselves with the amount 
of lead present on edible fruit as spray residue and have set up limits 
which legally may not be exceeded. 

The legal limits for lead and arsenic trioxide during the season of 
1935 have been set at 0.018 and 0.010 grain per pound, respectively. 
In view of these limits, and the fact that the limits for lead are being 
gradually reduced, the accm*acy of the determinations of these 
elements becomes important to the chemist, for the analytical re- 
sults must be interpreted in relation to these legal tolerances. 

Any study of the accm*acy of these determinations naturally divides 
itself into two parts: The accm'acy of the sampling, and the accuracy 
of the determination itself. The summation of the errors in these 
two phases of the work represent the errors in the final determination. 

Lead, when present on the surface of apples as spray residue, may 
combine chemically with the waxy coating of the fruit (J), and thus 
it presents a different problem from arsenic, which apparently does 
not so combine. In this study the accuracy of the chemical deter- 
mination of lead will be discussed first, followed by a discussion of 
the accuracy of the estimation as a whole (including sampling) of 
both lead and arsenic. The accuracy of the chemical determination 
of arsenic by the Gutzeit method has been discussed at length (4, 7), 
and will not be considered here. 

ACCURACY OF THE CHEMICAL DETERMINATION OF LEAD BY 
THE PHOTOELECTRIC METHOD 

The photoelectric method for the determination of lead on fruit, 
proposed by Frear and Haley (6*), is briefly described in order that 
its advantages and limitations may be better undeptood. 

Light from an electric bulb, regulated by^ a suitable rheostat, is 
allowed to shine upon the surface of a photronie cell (Weston no. 594), 
which is connected directly to a microammeter having a capacity 
of 200 microamperes. Between the source of light and the photronie 
cell is interposed a cylindrical glass tube containing the solution to 
be analyzed for lead. The reading of the microammeter is brought 
to the maximum of the instrument through an adjustment of the 

1 Received for publication Nov. 13, 1935, issued May 1936. Technical Paper No. 647 of the Pennsyl- 
vania Agricultural Expel iment Station 
^ Reference is made by number (italicj to Literature Cited, p 644. 
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intensity of the lig’ht by means of the rheostat. To the sohition 
in the tube is then added sufficient sodium sulphide to precipitate 
completely the lead present as colloidal lead sulphide. Tlie bj‘own 
colloidal precipitate reduces the amount of light passing tlmougli the 
solution and falling upon the surface of the i^hotronic cell. Tlie 
relation between the amount of light transmitted, as measured by 
the micro ammeter connected with the cell, and the amount of lead 
present may be easily determined by standardization with known 
amounts of lead. 

It is apparent that two sources of error are inherent in the method: 
The sum of the errors due to variation in technique, reagents, etc , 
which may be called the error of operation; and the error of stand- 
ardization. 

To determine the x^robable error of a single or of the mean of 
duplicate determinations at a level which will fall within the range 
of practical work, 50 determinations were made on solutions each 
containing 0 0004 g of lead as lead acetate (table 1). These solutions 
were each carried through the entire analytical procedure, including 
the digestion with concentrated sulphuric and nitric acids, which is 
used on samples of apple wash to destroy the organic material. The 
quantity of lead was selected at 0.0004 g since this is equi\udent to a 
concentration of 0,020 grain of lead per pound of apples when an 
aliquot of the apple wash representing 140 g of apples is talcen for 
analysis. 


Table 1 — Anahjses of 50 aliquot portions of soluhon, each of ivhich contained 

O.fOOO mg of lead 


Sample 

no 

miero- 

ammeier 

readinj? 

grams of 
lead 

Sample 

no. 

Mioio- 

animeter 

leading 

milli- 
grams of 
lead 

Sample 

no. 

Micio- 

aiJiniclei 

readini? 

Milli- 
grams of 
lead 

1— 

54 

0 400 

18.. 

56 

0 393 

35 

53 

0. 404 

o 

52 

410 

19 . 

63 

.404 

36 

55 

396 

k- 

.52 

410 

20 

54 

4(K1 

37-- . 

54 

.400 

4 

54 

400 

21... 

52 

.410 

38- . . . 

54 

, 400 

5 

55 

. 3Uf> 

22. 

56 

.393 

39-- 

51 

400 

6 

56 

. 3U3 

23 . 

57 

390 

40.. 

(IT) 

396 

7 

53 

404 

24-. - - j 

v53 

404 

(L 

* 5 1 

400 

s"/, 

i 53 

404 

25. 

53 

.401 

12 - 

53 

. nil 

y 

53 

404 

26 - - .. 

51 

400 

43 

55 

396 

10 

1 54 

400 

27. .... . 

52 

4 10 

U 

i 

. 400 

m 

55 

396 

2S 

56 

. 393 

15 

56 

. 393 

12 

55 

396 

29 - 

56 

. 393 

46 

53 

. 401 

13 

54 

.400 

30- 

53 

404 

17 

52 

410 

14 

55 

306 

31... --- - 

52 

.410 

IS . . 

55 

. 396 

15- 

50 

393 

32 

55 

396 

49 

54 

.400 

16 

55 

.396 

33 

54 

1(10 

50 

53 

. 404 

17 

50 

.393 

34-- 

55 

,396 




By the use of the formula P, in which the standard 


deviation is calculated by the formula the probable error of 

the microaimneter readings obtained by analyzing the 50 samples 
was calculated. The mean value was 54 zb 0.13 microamperes, with 
a probable error of a single determination of zb 0.89 microampere, 
and of the mean of duplicate determinations of zb 0.63 microampere. 
Since with the instrument used it was not possible to make readings 
more closely than 1 microampere, the probable error of even a single 
determination was less than a measurable value. 
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To translate the microammeter readings into terms of lead con- 
centration, a standardization curve was used which had been con- 
structed by using the mean of 10 determinations at 5 different con- 
centrations. The microammeter reading on this curve corresponding 
to 0.0004 g of lead was 54 microamperes. By the same formulae as 
above, the calculated probable error of a single determination was 
dz 0.0036 mg; and that of the mean of duplicate determinations was 
±0.0026 mg. 

The probable error of the determination as a whole is further 
affected, by definition, by any error in the preparation of the curve 
of standardization. To include this factor, the formula P. E. 
= P’.5)“±(P. P'.io)^ in which P. E. is the probable error of the 

method as a whole, P. E.s is the probable error of a single determina- 
tion, and P. P. 10 is the probable error of the 10 determinations made 
to establish the point of reference on the curve of standardization. 
When the calculation is carried out, the true probable error of a 
single determination is ±0.0038 mg. ^Wien the probable error of 
duplicate determinations is calculated, the value is ±0.0028 mg. 

A comparison of the relative aceurac3^ of the lead method witli that 
of the modified Gutzeit method for the determination of arsenic studied 
by Barnes and Muiuay (4) indicates that when the ciuantities deter- 
mined are considered the method for lead exhibits a relatively higher 
accuracy than the method for arsenic. Barnes and Almray state that 
with a solution containing 0.0273 mg of AsoOs, the probable error of 
duplicate determinations was ±0.0023 mg and, wheji the probable 
error of standardizatioti was considered, the true probable error of the 
determination was ±0 0025 mg, the mean of 10 individuals being 
used to locate each pomt on the standardization curve. The corre- 
sponding figures found for the lead deternimation, in which the stand- 
ard solution contained 0.4000 mg, calculated in the same manner, were 
respectively ±0.0026 mg and ±0.0028 mg. 

ACCURACY OF THE FINAL RESULTS FROM THE ANALYSIS OF 
LEAD AND ARSENIC 

To include the errors due to samphng, which obviously affect the 
accuracy of the final values for lead and arsenic, the procedirre de- 
scribed below was followed. 

Samples of apples, ranging in weight from approximately 7 to 20 
kg, were selected, usually picked from the lower limbs of trees in the 
orchards. Ordinary precautions were taken in handling, and apples 
of nearly the same size were selected. These samples were taken to 
the laborator3^, and from them two lots of 700 g each were taken, 
and each washed thoroughly" with boiling 1.5-percent hydrochloric 
acid with 1.0 percent of sodium chloride added. The w^ashings, when 
cool, were made up to 500 ml with acid of the same concentration. 
The lead was determined on an ahquot by the method described 
above (6'), and arsenic was determined by the Gutzeit method as de- 
scribed in the OflS.cial Methods (f). In all, 164 lots were analyzed, 
with a wide range of lead and arsenic content. The results are given 
in table 2. For convenience, the first of the duplicate lots is desig- 
nated as A, the second B. 

The mean AS2O3 content of the A samples w-^as 0,00950 grain per 
pound, and of the B samples 0.00938 grain per pound. The mean of 
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the average of the A and B samples was 0.00944 grain, and the aver- 
age deviation was 0.00070 grain, or 7.4 percent of the mean. For 
lead, the mean of the A samples was 0.02255 gra.iu per pound, and 
for the B samples 0.02235 grain, while the mean of the averages of the 
A and B samples was 0.02246 grain per pound. The average devia- 
tion was 0.00152 grain of lead per pound, or 6.8 percent of the mean. 


Table 2. — Aisenic and lead {grain pet pound) ^ found in duplicate samples of 

apples 




Arsenic as As20,{ 



Lead 


Sample 

.A 

B 

Alenn 

De\ la- 
tion 

A 

B 

Mean 

Devia- 

tion 

B2 

0. 001 

0 001 

0. 0010 

0 0000 

0 003 

0 005 

C 0040 

0 OUlO 

B17 

.OOf) 

007 

.0005 

0005 

.016 

018 

.0170 

.0010 

B20 ---- 

010 

016 

.OlbO 

.0000 

028 

028 

0280 

0000 

B2: 

010 

.Oil 

, 0105 

. 0005 

.022 

026 

0240 

.0020 

B23 

UOl 

.001 

0010 

. 0000 

, 003 

.003 

. 0030 

. 0000 

B25. . 

002 

002 

. 0020 

. 0000 

.007 

OOS 

.0075 

.0005 

B26 

.012 

009 

. 0105 

.0015 

.028 

021 

(1260 

.0020 

B27 - 

002 

.002 

0020 

.OOOt) 

005 

.013 

. 0090 

0040 

B2<) 

OOS 

000 

.0070 

, 0010 

. 022 

.016 

.0190 

.0030 

B3U 

012 

. 010 

,0110 

. 0010 

029 

. 027 

0280 

0010 

B33- 

OIS 

018 

OISO 

uoou 

033 

.034 

. 0335 

. 0005 

B34 -- 

010 

012 

0110 

0010 

026 

.026 

.0260 

.0000 

B40 . 

.005 

005 

0050 

0000 

013 

010 

0115 

. 0015 

B4G -- 

032 

032 

. 0320 

. couo 

067 

.077 

.0720 

(XI 50 

B47 

042 

042 

.0420 

0000 

.082 

.080 

. 0810 

.0010 

B4S- - - 

015 

016 

0155 

0005 

035 

.039 

0370 

0020 

B40--- - 

(X)7 

006 

. 0065 

. C005 

.013 

.010 

0115 

0015 

B51 

020 

024 

.0250 

0010 

046 

. 055 

.0505 

.0045 

B52 

007 

OOS 

0075 

0005 

021 

. 022 

.0215 

.0005 

B59 

002 

002 

0020 

oooo 

006 

008 

0070 

.0010 

B139,. 

(K)fi 

005 

0055 

. 0005 

.018 

.015 

.0165 

.0015 

B146 

000 

006 

0060 

0000 

013 

.010 

.0116 

.0015 

B148 

Oil 

013 

0120 

0010 

032 

035 

0335 

(HI 15 

B141) . 

.000 

.011 

. 0100 

.0010 

022 

020 

0210 

0010 

B150 . ... 

.012 

012 

0120 

0000 

.035 

020 

. 0305 

0045 

B152 

000 

OOS 

, 0OS5 

0005 

037 

025 

0310 

0060 

B155 

Oil 

on 

0110 

0000 

.010 

038 

0300 

0010 

B224 

003 

002 

. 0025 

. (1005 

.006 

. 004 

. 0050 

.0010 

B228 

.001 

.001 

0010 

0000 

003 

. 002 

. 0025 

. 0(105 

B230 

001 

002 

0015 

0005 

. (103 

005 

, 0040 

0010 

B23J 

. 002 

003 

0025 

. 0005 

, 005 

(109 

. 0070 

. 0020 

B232. 

005 

005 

. 0050 

. 0000 

.012 

007 

00(15 

. 0025 

B2;« -. 

005 

005 

. 0f).50 

. 0000 

012 

015 

.0135 

.0015 

B23L. 

003 

0U2 

. 0025 

. 0005 j 

. ()()(> 

(MB 

0051) 

.0010 

B238 

Oil 

.012 

,0115 

. 0005 

. 028 

. 032 

()3()() 

. 0020 

B239. ... 

007 

004 

0055 

.0015 

.010 

.008 

(1090 

.0010 

Asa.. 

005 

004 

0045 

0005 

.011 

.013 

. 0120 

.0010 

A37. 

.007 

.006 

0065 

, (K)05 

. 021 

.019 

. 02(K) 

. 0010 

ASS 

005 

.00.5 

0050 

(1000 

010 

.014 

.0120 

(1020 

A39 

003 ' 

.003 

. 0030 

0000 

010 

OOS 

. (1090 

(X)10 

A40 .. . 

004 

.002 

. 0030 

,0010 

.004 

.(I0(» 

. 0050 

. OUlO 

A41-... 

.005 

.007 

. 00t)0 

.0010 

.015 

.(lit 

.0130 

. 0020 

A42 

012 

013 

0125 

0005 1 

.038 

. 038 

. 0380 

. 0000 

A43. 

009 

.010 

.0095 

.0005 i 

.019 

021 

. 0200 

.0010 

A44-. . . 

.on 

015 

.0130 

, 0020 

.034 

. 030 

. 0320 

0020 

A45 . . .. 

015 

017 

0160 

.0010 

.044 

.048 

. 0460 

0020 

A46... 

007 

.008 

. 0075 

.0005 

.018 

.021 

. 0195 

0015 

A47 . . 

.004 

.004 

.0040 

.0000 

.010 

.010 

.0100 

0000 

A48 

.007 

008 

.0075 

0005 

.019 

010 

0175 

0015 

A49 

.015 

.010 

.0125 

.0025 

.026 

. 020 

02GU 

. 0000 

A50 

.006 

.010 

.0080 

. 0020 

.032 

.033 

. 0325 

0005 

A57 

.006 

.007 

. 0065 

0005 

016 

.020 

0180 

. (1020 

A58 

004 

.008 

0060 

.0020 

.014 

.OH) 

. 0150 

, 0010 

A59 . . 

.014 

.009 

.0116 

. 0025 

.030 

.02(1 

. 02S0 

. 0020 

A60 

.009 

.008 

0085 

.0005 

021 

.022 

0215 

.0005 

A61. 

010 

.009 

0C95 

.0005 

.029 

.032 

.0305 

. 0015 

A62 . ... 

007 

,007 

0070 

.0000 

018 

.019 

. 0185 

.0005 

A63 

.013 

.012 

.0125 

.0005 

.032 

036 

. 0340 

.0020 

A65 . . 

010 

008 

0090 

.0010 

.025 

022 

. 0235 

.0015 

A66 _ 

. on 

.011 

.0110 

.0000 

.017 

019 

.0180 

. 0010 

A67 ... 

.011 

012 

0115 

.0005 

031 

.027 

0290 

. 0020 

A81 . ..... 

.011 

009 

,0100 

.0010 

.028 

025 

. 0265 

. 0015 

A223 

> Duplicate lots A and B. 

014 

012 

.0130 

. 0010 

.029 

, 025 

. 0270 

. 0020 
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Table 2. — Arsenic and lead {grain per pound) found in duplicate samples of 

apples — Continued 


Sample 

Arsenic as AS2O3 

Lead 

A 

B 

Mean 

Devia- 

tion 

A 

B 

Mean 

Devia- 

tion 

A224 

0 012 

0.010 

0. 0110 

0. 0010 

0 020 

0 019 

0 0195 

0 0005 

A225 

.OOS 

009 

0085 

.0005 

019 

020 

0195 

.0005 

A22G 

.019 

014 

.0165 

.0025 

.025 

015 

.0200 

.0050 

A227 

.018 

012 

.0150 

-0030 

025 

.021 

.0230 

.0020 

A22S 

012 

017 

0145 

.0025 

.020 

022 

0210 

.0010 

A233 

007 

.009 

0080 

.0010 

. 022 

.017 

0195 

.0025 

A 261 

.020 

.020 

. 0200 

.0000 

.032 

.029 

.0305 

.0016 

A304 

009 

010 

.0095 

.0005 

022 

026 

.0240 

.0020 

A305 

005 

.004 

0045 

.0005 

.014 

014 

0140 

.0000 

A306 

009 

fH39 

0090 

.0000 

.016 

014 

0150 

0010 

A307 

.004 

003 

0035 

.0005 

.012 

.012 

.0120 

.0000 

A312 

004 

.004 

0040 

.0000 

.012 

014 

.0130 

! 0010 

A313 

002 

.004 

. 0030 

0010 

.008 

010 

.0090 

.0010 

A316 

.006 

.004 

0050 

.0010 

012 

.010 

,0110 

i .0010 

A317 

.003 

.004 

.0035 

0005 

.011 

.010 

.0105 

0005 

A31S_-.. 

040 

.035 

0375 

.0025 

100 

090 

.0950 

0050 

A319 

024 

02G 

.0250 

,0010 

075 

078 

0765 

0015 

A322 

003 

OOG 

.0045 

.0015 

.008 

.012 

0100 

0020 

A323 

.003 

.003 

,0030 

.0000 

009 

007 

.0080 

. 0010 

Average 

00950 

0093S 

00944 

00070 

02255 

. 02235 

.02246 

. 00152 


The ratio Pb/AssOa in the mean values is 2.37/1, and the ratio 
average deviation Pb/average deviation AS 2 O 3 is 2.15/1. These 
ratios, as well as the percentage values given in the previous para- 
graph, indicate that the error of the lead determination is not so 
great as that of the arsenic determination. Apparently the error of 
sampling affects the accuracy of the determination of these elements 
to much the same degree, and the increased accuracy of the lead 
determination reflects the greater accuracy of the chemical part of 
the procedure, mentioned iDreviously. It is to be noted that the mean 
values for both ai'senic and lead are close to the amounts permitted by 
law, and therefore the estimations of accuracy should be particularly 
applicable to samples falling in this range. 

SUMMARY AND CONCLUSIONS 

The errors incident to the determination of lead and arsenic as 
spray residues on apples are due to two sources: Errors of sampling 
and eiTom in the chemical determination of the elements. The latter 
may be further divided into eiTors of technique and errors of standardi- 
zation. 

Wlien the chemical determination of lead by the photoelectric 
method is considered separately, the probable error was ±0.0028 
mg, when samples each containing 0.4000 mg of lead were analyzed. 
For the entme procedure, including both the chemical determination 
and the samphng, the mean amount of AS 2 O 3 present was 0.00944 
grain per pound of fruit, with an average difference between dupli- 
cates of 0.00140 grain per pound. For lead the mean values were 
0.02246 grain per pound of fruit, with an average difference between 
duplicates of 0.00304 grain per poimd. These are the mean values of 
164 apple samples analyzed in duplicate. 

The lead determination was slightly more accurate than the 
Gutzeit arsenic estimation, even when the errors due to sampling were 
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considered. The average deviation of individual arsenic determina- 
tions from the mean of duplicate determinations was 7.4 percent of 
tlie mean; for lead it was 6.S percent of the mean. These data are 
based on the anabasis of 164 samples 
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THE DIURNAL CYCLE OF THE POWDERY MILDEW 
ERYSIPHE POLYGONI ^ 

By Cecil. E. Yarwood 

Formerly agents Division of Forage Crops and Diseases^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

Studies of the strains of Erysiphe polygoni DC. parasitizing red 
clover {Trifolium pratense L.), cabbage (Brassica olei^acea capitata L.), 
and larkspur {Delphinium sp.) have shown that certain phases of 
fungus activity regularly occur at a certain time during the day. 
This developmental rhythm is called the diurnal cycle of E. polygoni, 
and its manifestation with respect to the germinabihty of the conidia, 
the formation of appressoria, and the formation and dissemination of 
conidia is described herein. Certain other phenomena, such as the 
time of day at which infection may occur and the transpiration of 
diseased leaves, also show a diurnal cycle. The cause and some of 
the limitations of this cycle are discussed. 

GERMINABILITY OF CONIDIA 

Conidia from field clover plants were shaken onto dry glass slides 
at 2- or 3-hour intervals throughout the day. Of four slides of 
conidia collected at each time, two were left fully exposed to the 
natural environment in the field and the other two were placed in 
Petri dish moist chambers held at 23° C. in the dark. Of 200 or 
more conidia on each slide, those germinating were counted on one 
slide of each pair after 3 hours (germination interval) and on the 
other slide after 6 hours. The results of one such test on August 22 
to 23, 1933, are given in columns 2, 3, 4, and 5 of table 1. In this, 
as in other tests, conidia taken from field plants during the light por- 
tion of the day gave a higher germination than those taken at night. 
Conidia collected during the ndght, late morning, and early afternoon 
and exposed in the field showed httle or no germination after either 
3 or 6 hours; those exposed to the heat of the day were severely 
shriveled, but those exposed at night, when the temperature was 
much lower, remained turgid. Conidia collected between 10 a. m. 
and 8 p. m. germinated well in the moist chambers at 23° C., while 
those collected at night germinated poorly or not at all. There was 
but little increase in germination after 3 hours. 

In several tests the cycle of germinability of conidia from field 
plants was compared m light and in darkness. The spore moimts 
exposed to light were in Petri dish moist chambers 93 cm from eight 

1 Received for publication Dec. 13, 1935; issued June 1936 Joint contribution from tbe Division of 
Forage Crops and Diseases, Bureau of Plant Industry, TJ. S. Department of Agriculture, and tbe Depart- 
ment of Plant Pathology, XJmversity of 'Wisconsin. 
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300-\vatt lamps, iia a constant environment of 22° C. The mounts 
in darkness were in light-proof paper boxes beside the exposed mounts. 
The temperatui*e in the boxes was 1° to 2° higher than the outside 
temperatm-e, but this slight difference probably had little or no effect 
on the results. The results of one of these tests are given in columns 
6 and 7 of table 1 . The conidia taken in the high phase of the germi- 
nation cycle (noon to 7 p m.) germinated almost as well in darkness 
as in light, but conidia taken in the low phase of the cycle were greatly 
stimulated by light. 


Table 1. — Effect of time of collect ion^ of germination interval, and of environment 
on the germination of conidia of Erysiphe poly goni from field clover plants, Madison, 
TPis , 19S3 


i 

Time of making spore mount 

Germination of conidia after indicated treatment on-— 

Aug 22-23 

Aug. 29-30 

Spore mounts exposed 
in the field for — 

: Spore mounts held at 
j 23° C in dark moist 
chambers for — 

In artificial 
light for 

3 hours at 
22° C. 

In darkness 
for 3 hours 
at 23°- 
24° C. 

3 hours 

6 hours 

3 hours 

6 hours 

1 p. m 

Percent 

1 0 
10 
51 

4 

1 

Percent 

1 0 

1 0 
S3 

6 

3 

Percent 

50 

52 

56 

79 

24 

1 

Percent 

57 

87 

64 

53 

2G 

Percent 

79 

64 

38 

Percent 

40 

48 

25 


5 p. m 

7 p. m 

S p. m 



9 p. m - 

76 

6 

10 p. m 

0 

0 

6 

6 

12 p. m 

32 

0 

1 a. m 

0 

0 

1 ' 

4 

3 a m 

18 

1 

4 a. m - 

0 

0 

0 

i 

6 a. m._ 

29 

3 

7 a. m 

0 

1 0 

0 

9 

9 a. m._ - 

29 

1 

10 a. m 

1 0 

1 0 

15 

70 

12 m 

89 

32 

1 p, m 

» 0 

1 0 

43 

64 

3 p. m,— 

83 

72 







1 Conidia severely shriveled. 


The cycle of germinability of conidia from plants growing in the 
greenhouse and of conidia from plants growing in environmental con- 
trol chambers was similar to that already described for conidia from 
plants growing in the field. In the greenhouse during these tests the 
temperature was nearly constant at 20° C., the relative humidity was 
not measured, and the duration of light was similar to that prevailing 
outdoors. In the control chambers the plants were grown at 20°, 60 
percent relative humidity, and in a 12-hour day (12 hours^ continuous 
light alternated with 12 hours’ continuous darkness) with about 1,050 
foot-candles of fight at the level of the plants. 

^ Age of conidia was not found to influence the cycle of germina- 
bifity. In one test conidia from mUdewed greenhouse plants from 
which most of the mature conidia had been removed by shaking the 
plants 24 hours before starting the germination test showed the same 
cycle of germinability as conidia from plants on which the conidia 
had been allowed to accumulate for 4 days. 

Several attempts were made to increase the germination of conidia 
taken in the low phase of the germinability cycle. Exposure to light 
greatly increased the germination of these conidia, as already men- 
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tioned. Placing the conidia on sugar solution, placing the petioles 
of the niilde\yed leaves in 1-percent sucrose solution for 4 hours before 
making the germination test, and the presence of healthy host leaves 
in the germination chamber had no effect on the germination of 
conidia, but in each of five tests the germination of conidia was 
greatly increased by placing the conidia on host leaves. Excised 
leaflets from healthy greenhouse plants and dry slides were placed 
at random in the bottom of a large can, and conidia from mildewed 
greenhouse plants were dusted on them from above. The average 
number of conidia counted per unit area on the slide was assumed to 
be the same on the leaflets. The leaflets and slides were placed in 
Petri^ dish moist chambers during the germination interval The 
germinated and the ungerminated conidia on the glass slides were 
counted after 9 hom^s. After the same period, which was sufficient 
to allow leaf penetration by the haustoria from the germinated conidia, 
the leaflets were fixed in a solution of alcohol and acetic acid, stained 
with acid fuchsin, and examined. The number of estabhshed j^oung 
colonies per unit area of leaves was divided by the original number 
of conidia per unit area, as determined from the glass shdes, to deter- 
mine the percentage of germination on the leaves. The value obtained 
in this way was low because many germinated conidia were washed 
away in the staining process, but the results (table 2) show that in 
each case the amount of germination on host leaves was much greater 
than that on glass slides. 

Table 2 . — Effect of host leaves on germination of conidia, iMadison, TTVs , 1933 


Germination inteival 

j Germination of comdia on— 

Dry glass slides 
in dark moist 
chambers 

Excised clover 
leaflets in dark 
moist chambers 

i 

12 p. m., Nov. 0, to 9 a. m , Nov. 7 j 

Percent 

4 2 
.0 

3 2 

2 9 

1 0 

Percent 

\ 19.20 

.11 
21 90 

i L5 50 

25. 00 

12 p. m., Nov. 12, to 11 a m., Nov 13_ 1 

11 p. m., Nov. 23, to 9 a. m., Nov. 24 i 

10 a, m , Dec. 2, to 9 a. m , Dec. 3^ i 


10 a m , Dec 4, to 7 p m.. Dec 5 i j 


I The low germination in the tests that were started at 10 a. m. is believed to be due to the cloudy winter 
weather which is unfavorable for mildew development and which was prevailing at this time. 


The diurnal cycle of germinability of conidia appears to be a direct 
or indirect result of the alternation of light and darkness to which the 
mildewed plants are normally subjected in nature. When mildewed 
plants were grown in control chambers in a 12-hoiir day where light 
was the only environmental factor known to vary throughout the day , 
a definite ^urnal cycle of conidial germination was apparent, as 
previously noted. 

EFFECT OF LIGHT ON ELONGATION OF HYPHAE AND FORMATION 

OF APPRESSORIA 

Plants grown in the greenhouse were inoculated and placed in the 
environmental control chambers at about 24° C. and 60 percent rela- 
tive humidity for a 12-hour day. Samples of leaves were removed 
from the plants at about 6-hotir intervals, and the lengths of hyphae 
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were measured and the appressoria counted in individual fungus 
colonies. The average size of the colonies and the number of appres- 
soria were determined, after staining, from measurements and counts 
on each of 5 to 10 colonies on each of 4 to 10 leaflets removed at each 
time of sampling. The rate of growth of mildew colonies was fol- 
lowed in this way in three tests. These tests gave similar results. 
The data of one test are given in table 3. ^ The length of hyphae 
increased at a fairty imiform rate in hght and in darkness, but appres- 
soria were formed almost entirely in the light only. 

When inoculated plants were exposed to 6-hour periods of alter- 
nating hght and darkness the rate of increase of colony size and 
number of appressoria was less than on plants in a 12-houi’ day, 
especially at the beginning of the test, and appressoria were formed 
in about equal numbers in light and in darkness. 


Table 3 . — Elongation of the hyphae of Erysiphe polygonl and formation of 
appressoria in hght and in darknessy Madison^ TIVs., 193J{. 


Tune of sampling 

Period 
between 
inocula- 
tion and 
sampling 

Light condition of interval 
preceding measurement or 
count 

Growth of fungus on leaves 
exposed to alternate 12-hour 
periods of light and darkness 

Average length 
of mycelium m 
colony 

Average num- 
ber of appres- 
soria per colony 

12 p m , Jan 20 

Hours 

16 

Dark 

" 83 

1 1 0 

Tam, Jan. 21 

23 

do 

232 

1 1 0 

fp -TflT! 91 ^ . - _ _ _ 

28 

Light-- 

462 

2 1 

6pm, Jan 21 

34 

do 

683 

4. 2 

12 p m., Jan 21 

40 

Dark 

1, 140 
1,780 

4 5 

7 a m , Jan 22 

47 

do 

5 0 

12 m , Jan 22 

25 

Light 

2, 465 

9 2 




1 Primary appressorium from the germ tube. 


In determining the effect of hght on the rate of colony growth by 
the previous method, growth was measured as the total increase in 
the length of hyphae per colony on the sampled leaves, but the rate 
of elongation of individual hyphae tips could not be followed by 
that method. In another test yoimg recently inoculated leaves were 
excised from plants and floated on water in dishes in the control 
chambers. Several individual hyphal tips were selected, their posi- 
tions were marked by means of drawing at the beginning of the test, 
and the subsequent growth measimed at intervals thereafter. In 
measurements of 30 hyphal tips at about 3-hour intervals throughout 
the 24 hours of the day, the hyphae grew at an average rate of about 
20m per hour, and no significant difference in the rate of growth in 
light and in darkness could be detected. 

The total lengthy of hyphae and the number of appressoria per 
colony were determined in two experiments in which the host plants 
placed in the control chambers were given light exposures of various 
lengths. The results of one experiment are given in table 4. At 
32 horn's after inoculation the fungus colonies on the plants held in 
continuous darkness after inoculation were smaller than those exposed 
to even 4 horns of Hght per day, and at 48 hours after inoculation the 
differences were very large. At 48 hours after inoculation the size of 
e colonies (the total length of hyphae) increased with the length of 
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light exposure from 699/i per colony in darkness to IjSSO^t in a 12- 
hour day, and then decreased with increased light to l,500;Li in con- 
tinuous light. The number of appressoria per colony showed the 
same general trend, increasing from 3.3 in continuous dark to 10.4 
per colony in a 12-hour day, and falling to 2.1 in continuous light. 
The average length of hyphae per appressorium show'ed more clearly 
than did the size of the colonies or the number of appressoria per 
colony the effect of the length of day on mildew development. For 
example, on the plants in continuous darkness, the mildew colonies, 
which never reached the sporulation stage, developed an average of 
2l2}i of hyphae per appressorium. On plants in 4, 8, 12, and 16 
hom's of light per day, the colonies, which later showed a well-marked 
diurnal cycle of sporulation, had from to 190^ of hyphae per 

appressorium. In contrast, the colonies developing on plants in hght 
exposures of 20 and 24 hom*s per day, wliich showed a greatly dis- 
turbed cycle of sporulation, as described later, had 624;u and 714:ii of 
hyphae per appressorium, respectively. 


Table 4. — Relation of length of day to mycelial elongatioji and appressorium 
formation of Erysiphe polygoni 


1 

Light condition per day 

Growth 32 hours after inoculation 

Growth 48 hours after inoculation 

Average 

I total length 
of hyphae 
per colony 

Average 
number of 
appressoria 
per colony 

Length of 
hyphae per 
appres- 
sorium 

Average 
total length 
of hyphae 
per colony 

Average 
number of i 
appressoria 
per colony 

Length of 
hj’phae per 

1 appres- 
! sonum 

1 


I 


r- 

M ! 


A* 

Continuous darkness 

270 

1 68 

160 

699 

3 3 

212 

4 hours light 

616 

1. 78 

346 

1,070 1 

6 4 

167 

S hours light 

625 

1 92 

326 

1,620 

9 8 

165 

12 hours light 

644 

2. 17 

297 

1,880 ! 

10.4 

ISO 

16 hours light 

609 

2 02 

302 

1,678 

8 8 

190 

20 hours light 

571 

2 40 

238 

1,620 : 

2 6 

624 

Continuous light 

593 

1 62 

366 

1,500 : 

2.1 

714 


The increase in the size of the colonies as the period of exposm*e to 
light was increased from 0 to 12 hom^s per day is interpreted by the 
writer as mainly due to the nutritional conditions of the fimgus, the 
increased exposure to light resulting in a greater supply of carbohy- 
drates in the parasitized leaves. That light is in itself not necessary 
or even very stimulatory for mildew growth has been shown by dish- 
cultm’e experiments in w^hich some inoculated leaflets floating on sugar 
solutions were exposed to the natui'al light of the laboratory and others 
were exposed to total darkness. The mildew development w^as 
luxuriant and similar in both cases, although slightly better on the 
leaves exposed to the light. The decrease in colony size as the light 
exposure was increased from 12 to 24 hours per day may have been 
due in part to the few appressoria, and hence also the few haustoria 
through which the fungus could draw its food supply. ^ 

The small number of appressoria per colony in continuous darkness, 
while much less than for colonies in alternating hght and darkness of 
4 to 16 hours of hght per day, is not greatly less when the size of the 
colonies is taken into consideration. The smaU number of appres- 
soria per colony, however, both in absolute numbers and in proportion 
to the size of the colony in 20 and 24 hours of hght per day appears 
at present to be a manifestation of a disturbed diurnal cycle of the 
fungus. It is interesting that while in a 12-hour day appressoria were 
formed almost entirely during the hght period, yet in 20 or 24 hours of 
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per day there were fewer appressoria formed per colony or per 
unit length of mycehum than in continuous darkness. Certainly, 
normal appressorium formation can hardly be a direct response to 
light, neither does it appear to be favored by darkness; it must be 
dependent on the alternation of light and darkness, which is necessary 
for the manifestation of the normal cycle of the mildew fungus. 

FORMATION AND ABSTRICTION OF CONIDIA 

Sporulation of clover powdery mildew begins about 5 days after 
a susceptible plant has been inoculated. The initiation of the conidi- 
ophores has not been followed by the writer, but the changes under- 
gone by the mature conidiophores throughout the day have^ been 
observed on plants growing in the field, in the greenhouse, and in the 
control chamber. To observe the conidiophores, leaflets with young 
vigorous mildew colonies were folded of a slide with the undisturbed 
conidiophores on the upper surface on the leaf projecting beyond the 



edge of the fold, where they could be examined with the low- or high- 
power objectives of tlm microscope. The diurnal changes observed 
in the conidiophores on field plants on September 4, 1 93d (13-hour day, 
sun rose at 5:25 a. m. and set at 6:28 p. m.), arc illustrated in figure 
1, and are Cj[uite typical of numerous observations made earlier and 
later in the season outdoors and in the greenhouse. The conidia 
were abstricted between 8 a. m. and 12 m. The abstricted conidium 
appears to remain passively attached to the conidiophore until it is 
dislodged by air currents or by disturbances of the leaves. After the 
abstriction of the conidium, the terminal cell of the conidiophore 
gradually increased in diaineter (mostly during the light portion of the 
day) to form a new conidium which was abstricted the following 
mornmg. Thus each normally functioning conidiophore abstricts one 
conidium per day. The generative cell increased gradually in length 
and divided into two cells about 4 p. m. by a septum nearer its distal 
end. The basal cell showed no change in its gross morphologv 
throughout the day. 

Variations in this process are caused by seasonal and daily weather 
changes, but these have not been studied. However, on all days on 
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wliicli the maturation of conidia was followed in the field in 1933 the 
conidia were not abstricted at S a, m. and were completely abstricted 
at 12 m. In the control chamber in a 12-hoiir day conidia were all 
abstricted 4 hours after the beginning of the light period. 

The diurnal cycle of the abstriction of conidia is extremely definite 
and easily observed on vigorous mildew colonies and dming clear 
weather. The developmental changes in the conidiophore are gradual, 
but the abstriction of conidia and the division of the generative cell 
are very specific processes which ai^e generally complete on 90 percent 
of the conidiophores witliin the period of 2 hours for each process. In 
dull cloudy weather the diurnal cycle of the maturation of conidia is 
much less regular. 

The dimnal cycle of the formation of conidia, like the diinnal cycle 
of conidial germin ability, is dependent on the alternate fight and 
darkness of the normal day. In the envhonmental control chambers 
with day lengths of 4, 8, 12, 16, and 20 hours, there was definite 
diui'nal cycle of conidium formation, but in continuous darkness, in 2 
hours of fight per day, 22 hours of fight per day, and continuous fight 
no cycle of conidium formation was apparent. When plants subjected 
to a 12-hour day were given then daily light exposure from 8 p. m. to 
8 a. m. instead of from 8 a. m. to 8 p.m., as was usually done, conidium 
formation followed a cycle, the various stages of which occmTed 12 
hours later than in the normal 12-hom‘ day. 

SPORE DISSEMINATION 

Determinations of spore dissemination were made in the field during 
June, July, August, and September 1933, by counting the conidia caught 
during known intervals of time on slides placed in a field plot of inil- 
dewed clover. Three slides were placed on the ground at three different 
locations in the field and were changed at about 4-hour intervals during 
the day and less frequently at night. The determinations covered 
six series of observations of 1 day or more each, totaling 15 days in 
all. The results for 1 day or more in each of five of these series are 
given in table 5. In all cases the greatest liberation of spores occurred 
during the day, the maximum dissemination occuriing about 12 m. 
This IS a little later than the time of maximum spore maturation. 

Table 5 — Spore dissemination from mildewed clover plants in the field as detemnned 
by number of comdia caught at different times throughout the day and night 


Series 


No. 1 


No 2 


No. 3 


Period in which conidia were 
caught 

Average 
number 
of co- 
mdia 1 

/2 a m. to 6 a m , June 16 

0 05 

6 a. m. to 10 a m , June 16-..- . 

6 4 

10 a. m. to 2 p, m., June 16 

15 6 

(2 p. m. to 6 p. m., June 16 

3.5 

6 p. m. to 10' p m., June 16 

.11 

10 p. m., June 16, to 8 a. m., June 


, 17__ 

16 

f2 a. m. to 4 a. m , June "28 

5.0 

(4 a. m, to 10 a m., June 28 

12 0 

1 10 a m. to 12 m., June 28 

39 1 

1 12 m to 2 p m , June 28 

43 4 

2 p. m. to 4 p. m., June 28 

61.2 

l4 p m. to 6 p. m., June 28 

34 3 

[8 p m , July 5, to 8 a m , July 6— 

11.2 

8 a. m. to 12 m., July 6._ 

70 0 

\ 12 m. to 4 p. m., July 6 

58 7 

4pm to 8 p. m., July 6 

41.8 

IR p. m , July 6, to 8 a m., July 7- 

21 9 


No. 4 


Period in which conidia were 
caught 


7 p. in., July 15, to 10 a. m., Julj 

16 

10 a m to Ip m., July 16 

1 p. m, to 3 p. m , July 16_ 

3 p. m. to 6 p. m., July 16 

6 p. m to S p. m , July 16 

8 p m, to 10 p m., July 16 

10 p. m., July 16, to 6 a. m , July 

17 

'9 p. m., Sept. 6, to 6 a. m.. Sept 
7 


Average 
number 
of co- 
nidia 1 


1 6 
47 4 

44.4 

25.4 
9.4 
3. 1 


No. 5 


[6 p. m. to 12 m., Sept 7 .. 
12 m. to 4 p. m , Sept. 7.__ 
14 p. m to 7 p. m.. Sept. 7, 
7 p. m. to 11 p. m , Sept. 7. 
[ll p. m. to 7 a m.. Sept. 8. 


8.8 

12.0 

6.6 

1.4 

.7 


1 Caught per hour per square centimeter of slide. 
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EFFECT OF TIME OF INOCULATION UPON INFECTION 

Field plants, potted plants, excised leaves with their petioles in 
water, and excised leaflets floating on sucrose solution have been used 
extensivel 3 r in inoculation experiments. For the tests of the relative 
success of inoculations at different times during the day, most of the 
inoculations were performed by dusting healthy leaves with spores 
from field or greenhouse plants, but in some cases selected leaflets 
were inoculated by touching them with a heavily mildewed leaf. The 
severity of mildew resulting in 4 to 7 days was estimated by the 
method considered most satisfactory for the particular test. In some 
cases the individual leaflets were rated for their relative mildew 
severity and the values averaged for each unit of a test. With mass 
inoculations on potted plants the mildew was estimated for each pot 
as a unit. With inoculations on individual leaves on field plants, one 
leaflet was left uninoculated as a control on which to estimate con- 
tamination. 

The results of these tests are given in table 6, where the values for 
mildew development in different tests are brought to the same basis 
by considering the mildew development on the optimum unit of each 
test as 10 and expressii^ the results of inoculations made at other 
periods in relation to this maximum infection. 


Table 6. — Effect on mildew development of the period of day when inoculations 

were made 


Date of test 

Location 

Host material 

Belative amount of mildew resulting from 
inoculations at 

1 to 6 
a m. ! 

5 to 9 
a. m. 

9a m 
to 

1 p m. 

1 to 5 

P ni. 

5 to 9 
p. m. 

9 p. m. 
to 

1 a. m. 

1932 

June 24 

Field 



0.5 


10 0 

7 6 
4.9 

8 6 

7.2 

1.2 
6.2 

10,0 
10.0 
5. 1 
10 0 

8 0 
7.6 

5 3 
10 0 

0 6 
10 0 

3.0 
10.0 

4.7 

10.0 

10.0 

5.2 
10.0 
10.0 

6.2 
10.0 

1.0 

1 8 
2.6 

0 7 
4.6 
6 7 
3.9 
2 9 

1.0 

10.0 

7.2 

4.0 

1. 1 
6 8 
6.4 

1 5 

2.3 

1 4 

July 2 

do 

do 



Do 

do... ... 



3 3 

2.9 

6.4 

2 7 

July 9 


do 

Field plants 


1933 

June 6 

do . j 



June 12 


do 



June 14, 

do 

do 




July 6 

do.- 

Potted plants 




Aug. 26 

do 

Field plants 

1 0.4 



Do 

do.. .. 

Potted plants 



Sept. 1 

do 

do 

3.2 

1 5 
1,8 

1 1 4 

'"L2' 
8 6 

4 1 

7 6 

9.8 

10.0 

10,0 

6.6 

Sept. 18„ 

Field and greenhouse L 
do* 

do 

do 

Sept. 22 

Oct. 5 

Greenhouse 

rtn 

Average. 



1.6 

5 0 

7.6 

7 4 

6 6 

3.9 




1 10 represents mayimmn infection. 

* Average of 1 series in field and 2 in greenhouse. 


The mildew development resulting in the different tests varied 
considerably. Some infection resulted from inoculations made at 
any time during the normal day, but inoculations made during the 
period of daylight were most successful. The success of inoculations 
rnade during the hottest and driest periods of sunny days illustrates 
the extreme tolerance of this fungus to low humidity. 
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In the previously reported tests of mildew infection throughout 
the light and dark portions of the day, the evaluation of the causes 
for differences in infection resulting from inoculations at different 
periods was difficult because of the simultaneous variation in the 
fungus, the host, and the environment. In a few experiments a more 
adequate separation of the influence of light from the other factors 
was obtained by inoculating two groups of plants simultaneously 
with the same inoculum and incubating them in a similar environ- 
ment, except that one group was placed in the natural light and the 
other was placed in darkness for the first few hours or from the time 
of inoculation until nightfall, and afterward all were exposed to the 
same environment. The results of several such tests are given in 
table 7. In most cases heavier infection resulted on plants incubated 
in the light, but generally the difference was small and in some cases 
no difference was apparent. 


Table 7. — Effect of light on mildew infection in 2 groups of plants inoculated 

simultaneously ^ 


Time of inoculation 

Host material 

Additional environ- 
mental condition 
of host material 

Relative mildew mfection 
resultmg m group kept 
in— 



Light 

Darkness 

1932 





2 p. m , Nov. 19- 

Potted plants., 


10.0 

3.0 

Do.-, 

do-l 

Humid bell jars 

3 0 

1.0 

1933 



2 D m., Feb. 2 

F,Tf*iRAfl Iftavfts 

Petri dishes 

4.2 

2 5 

2 p. m., Feb. 6 

do 

do 

3.1 

2.0 

11 a. m., Feb. 21— 

do-_. 

_ _ dn 

.3.1 

1.8 

12 m., Mar. 2 

do 

do 

4.2 

2.5 

Mar. 30* 

Potted plants 


9 5 

7.6 

Apr. 15 ® 

do 


9.1 

9. 1 

5 p. m., Apr. 17 

do 


9.0 

9.0 

6 p. m., Apr. 20 

do 


9.0 : 

9.0 





1 Tests were made in the greenhouse. 

s Average of 2 Inoculations, 1 at 1 p. m. and the other at 6 p m 

3 3 inoculations, 1 at 10 a. m., 1 at 2 p, m., and 1 at 6 p m., did not give apparent differences due to light 


The writer beheves that infection (the establishment of a nutri- 
tional relation between host and parasite) of red clover with Erysiphe 
polygoni normally occurs in greatest abundance during the light por- 
tion of the day, and this belief is supported by the following facts: 
(1) Conidia were disseminated in greatest abundance during the light 
portion of the day; (2) germination of conidia was favored by light; 
(3) formation of appressoria was favored by light; (4) conidia taken 
from diseased plants during the light portion of the day germinated 
more readily than those taken at night; (5) the closure of clover 
leaves at night by the coming together of the two lateral leaflets and 
the movement of the center leaflet to a vertical position would reduce 
the chances of air-bome conidia falling on the leaves; (6) inocula- 
tions made during the day were more successful than those made at 
night; and (7) inoculations made in the light were more successful 
than inoculations made in darkness. 

The relative importance of the various factors favoring infection 
during the light portion of the day cannot be detemmed from the 
present resulte, but afl. probably play a part. The dissemination of 
conidia during the light portion of the day and thj^ rapid^ g&jmmm- 
tion would be important. The fact that conidia! germination 
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greatly stimulated by host leaves would reduce the importance of 
the effect of light on gerimnation and appressorium formation and of 
the diurnal cycle of conidial germinability as factors determining 
when infection might take place. The determinations of the dis- 
semination of conidia and of conidial germination on dry slides in 
the field indicate that infection occurs principally in the latter part 
of the normal light period. 

TRANSPIRATION OF MILDEWED AND OF HEALTHY CLOVER 

LEAVES 

Leaves were excised from mildewed and from healthy greenhouse 
plants of the same age and general history except for inoculation, 
and were placed with their petioles in flasks of water (four leaves per 
flask), which were then tightly stoppered with cotton. The transpira- 
tion of five flasks of mildewed leaves and of five flasks of healthy 
leaves was followed under greenhouse conditions, and also that of 
five flasks of roildewed leaves and five flasks of healthy leaves in the 
constant light, temperature, and humidity of the control chamber. 
Weighings were made to one one-hundredth of a gram at intervals 
of about 3 hours and measurements of water loss were continued for 
29 hours. As the ratio of dry weight to leaf area was not significantly 
different for healthy and mildewed leaves (0.434 ± 0.0095 g per square 
decimeter for healthy and 0.430 ±0.0078 g per square decimeter for 
mildewed leaves) the results are expressed on a dry- weight basis. 
The average results of this test (table 8) show that in continuous 
light the transpiration of mildewed leaves was about the same as the 
transpiration of healthy leaves, and neither showed any diurnal 
variation. In the greenhouse, however, the transpiration of both 
diseased and healthy leaves showed the expected general variation 
between day and night, but while the transpiration of diseased leaves 
was similar to that of healthy leaves during the day, the transpiration 
of mildewed leaves was much greater at night. Four other tests in 
less detail gave similar results. In one test in which transpiration 
at 15° C. was compared with that at 30° the increased transpiration 
at night due to mildew infection was much greater at 15° than at 30°. 

Table 8. — Eject of mildew infection on the transpiration of clover leaves throughout 
the day, Dec, 1938, at Madison, Wis, 


Effect of infection on transpiration of clover leaves 


Time interval 

In the greenhouse 

In continuous light 

Water lost per 
gram dry weight 
of leaves per hour 

Increase or 
decrease in 
transpiration 
associated 
with mildew 
infection 

Water lost per 
gram dry weight 
of leaves per hour 

Increase or 
decrease in 
transpiration 
associated 
with mildew 
infection 

Healthy 

leaves 

Mildewed 

leaves 

Healthy 

leaves 

Mildewed 
leaves - , 


Grams 

Grams 

Percent 

Grams 

Grains 

Percent 

11:16 a. m. to 12:30 p. m 

6.78 

5.60 


-3.11 

2.01 

1.71 

-14.9 

12:30 p. m. to 3 p. nL,_ 

6. 19 

6.23 


+. 66 

2.66 

, 2.61 

-1-2. 35 

.3.30 p. m. to 4:60 p. m. 

3.38 

4.11 

- 

-21.6 

2 36 

' 2. 16 

-8, 47 

4.60 p. m. to 7 p. m 

1 06 

1,71 

- 

r61.3 

2,48 

2,18 

-12 1 

7 p. m. to 9 p. m 

.67 

1. 13 

- 

-68.66 

2.68 

2.71 

+6. 04 

9 p. m. to 11:30 p. m 

.64 

1.17 


-82.8 




11:30 p. m. to 7:30 a. m 

.84 

1.61 

j 

-79. 76 

2.19 ' 

2 14 

-2 28 

7*30 a. m. to 10 25 a. m 

3. 17 

3.07 


-3. U 

2.14 

2.26 

-i-6. 14 

10:25 a m. to 12:40 p, m 

4.81 

4.76 


-1.04 




12:40 p. m. to 3.*06 p. m 

6.91 

5.89 


-1.33 

1.72 

1 81 

+5 23 
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The resemblance between the effect of mildew on transpiration, as 
observed by the writer, and the effect of bordeaux mixture on tran- 
spiration, as observed by Duggar and Bonns ^ and others, is interest- 
ing. In both cases the effect is generally to greatly increase the 
transpiration of leaves during the night and to slightly decrease it 
during the light portion^ of the day. Because other phases of the 
development of clover mildew have been clearly shown to undergo a 
diurnal cycle as already described, the effect of mildew on tran- 
spiration may also possibly be due to a diurnal cycle of the fungus, 
but the work of Graf-Marin ^ would indicate that the cause of the 
day-and-night variation in the effect of mildew on transpiration was 
due to the smaller opening of the stomata of diseased leaves during 
the hght portion of the day. 

STUDIES OF OTHER POWDERY MILDEWS 

Erysiphe polygoni was abundant on delphinium and on cabbage in 
the greenhouse in the fall and winter of 1933. These two forms of 
E. polygoni can be readily distinguished from the form on red clov'er 
and from each other by the size of the conidiophores and conidia, 
and by cross-inoculation tests. To the extent that they have been 
studied — namely, in the germinative capacity of the conidia and the 
development of the conidiophores — they show the same diurnal 
cycle as E. polygoni on red clover. Since this cycle was apparent on 
diseased plants which were exposed to constant temperature and 
humidity but to a 12-hour day, it appears that, as with E. polygoni 
on the red clover, the cause of the diurnal cycle of the fungus on 
cabbage and on delphinium is the alternation of light and darkness. 

Erysiphe graminis DC., which is sharply different morphologically 
from E, polygoni, was also studied with respect to its development 
throughout the day and night. The basal cell of the corddiophore of 
E, graminis is decidedly swollen, and the transition from immature to 
mature conidia is gradual through several cells of the chain of conidia. 
For this reason it is difficult to trace the development of the conidio- 
phore of this parasite in its relation to day and night. The results of 
several tests to determine whether E. graminis on barley showed a 
diurnal cycle in the germinative capacity of its conidia and in its 
ability to cause infection have shown no evidence of a definite varia- 
tion between day and night. The gernaination of conidia w^ 
stimulated by lignt, however, as was the germination of the conidia 
of the other Erysiphaceae studied. 

DISCUSSION 

The writer ^s present conception of the diurnal cycle of Erysiphe 
polygoni is that certain phases of fungus development tend to occur 
during the light portion of the day and in some cases at a specific 
time of the day. Practically all the conidia formed during the 24 
hours of the day are matured during the latter part of the morning 
(8 a. m. to 12 m.). The division of the generative cell occ^ during 
a very limited period in the late afternoon and early evening. The 

» Duggar, B. M , and Bonns, W. W, thb effect of Bordeaux mdcturb on tse rate of tran- 
spiration. Ann. Mo Bot. Card. 5: 153-176, iUus. 191S. 

« Graf-Marin, A. studies on powdery mildew of cereals. N. Y. (ComeD) Agr. Expt. Sta. Moioa . 
157 , 48 pp., illns. 1934. 
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dissemination of conidia, on tlie other hand, being presumably a pas- 
sive process but dependent on the maturation of the conidia, on wind, 
and on the dryness of the leaf and fungus surface, is more or less con- 
tinuous throughout the light portion of the day, but is less at night, 
perhaps because the humidity is higher then and there is less wind. 
Appressoria are normally formed during the hght portion of the day, 
and they may be formed throughout the hght period, but they form 
very readily in darkness under certain experimental conditions. 

The greater activity of Erysiphe polygoni during the light portion 
of the day, and its abihty to sporulate and cause infection under con- 
ditions of relatively low atmospheric humidity are in sharp contrast 
to certain downy mildews described by Weston,^ in which the greatest 
activity of the fungus is in the dark and humid portion of the day. 
The basic cause of the diurnal cycle of an obligate parasite is difficult 
to determine, but the regular alternation of light and darkness appears 
necessary for the expression of the dimnal cycle of E. polygoni. The 
length of either the hght or the dark portion of the day is of less 
importance, as indicated by the expression of the cycle in photo- 
periods of 4 to 20 hours. The great stimulatory effect of light on 
conidial germmation on glass shdes would indicate that the cycle 
might be due in large part to the direct effect of light on the fungus, 
but the luxuriant development of mildew on leaves in total darkness 
but floating on sucrose solution would not support this idea. 

SUMMARY 

Conidia of clover mildew {Erysiphe polygoni) germinated best when 
removed from diseased plants in the afternoon. With the onset of 
darkness the germinability of the conidia gradualljr decreased, reach- 
ing a rrmimum in the early morning but again rising with the onset 
of daylight. Attempts to increase the germination of conidia in the 
low phase of the germinability cycle have been successful only by 
exposing them to light or by placing them on host leaves. 

The elongation of the hyphae of clover mildew continued at a fairly 
umform rate throughout the day and night, but appressoria were 
formed principally during the light. 

The generative cell of the conidiophore divided once each day in 
the late afternoon to form a new proximal generative cell and a distal 
daughter cell. One conidium was matured during the late morning 
on each conidiophore. 

Conidia were caught on spore- trap slides in greatest abundance 
about noon, but there was a ^ntinuous dissemination of conidia 
throughout the middle and latter part of the daylight period, and few 
were caught at night. 

The diurnal cycle manifest in the maturation of conidia and in the 
division of the generative cell was clearly evident on mildewed plants 
growing in 4, 8, 12, 16, and 20 hours of light per 24 hours, but in 
longer or shorter light exposures per day the conidiophores did not 
develop normally and the diurnal cycle was less evident or was no 
longer apparent. 

Inoculations with clover mildew during the light portion of the day 
were more successful than inoculations made at night. 

JouTa™ phiupitok sa-EKOSPOBia op make. 
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The transpiration of mildewed leaves was greater than that of 
healthy leaves at night and was about equal to or slightly less than 
that of healthy leaves during the day. 

The diurnal cycles rnanifest in conidial formation, conidial germina- 
nation, and appressorium formation were evident when temperature 
and humidity were constant, with plants growing in a 12-hour day, but 
these cycles, as well as that of transpiration, were eliminated when the 
test plants were grown in continuous light. It is concluded that the 
alternating hght and dark of the normal day are responsible for the 
cyclic manifestations of Erysiphe polygoni described here. 

So far as they were studied, the forms of Erysiphe polygoni on red 
clover, delphinium, and cabbage showed similar diurnal cycles, but 
no diurnal cycle of development was established with E, graminis on 
barley. 




HOST RANGE AND PHYSIOLOGIC SPECIALIZATION OP 
RED CLOVER POWDERY MILDEW, ERYSIPHE POLYGONS 

By Cecil E. Yarwood 2 

Formerly agents Division of Forage Crops and Diseases y Bureau of Plant Industry, 

United States Department of Agriculiure, and assistant in botany, Purdue Uni- 
versity Agricultural Experiment Station ^ 

INTRODUCTION 

Since 1902, Neger (7) ^ and numerous otlier workers Lave shown 
that the morphologic species Erysiphe polygoni DC., parasitizing, 
according to Salmon (8), some 357 species in 157 genera, consists of a 
large number of physiologic races. Single races, may, though rarely, 
infect host species of different genera within a single plant family or 
may infect several species within a genus or, more rarely, may be 
limited to a single host species. Blumer (7), however, has divided the 
Erysiphe polygoni of Salmon into several species on the basis of the 
perfect stage. Of these, E. martii Lev., confined to species of the 
Leguminosae including red clover {Trifolium pratense L.), consists of 
several physiologic races (^). 

The purpose of the present investigations was to add to the knowl- 
edge of the identity of the powdery imldew of red clover in the United 
States by studies of the host range and possible physiologic forms of 
the causative organisms. 

HOST RANGE 

The host range of the powdery mildew parasitizing red clover has 
been extensively investigated, but with extremely variable results. 
All investigators except Blumer (Jf), however, agree that the form 
found on red clover is limited to the host genus Trifolium, Salmon 
(9), Mains (S), and Blumer (Jf) used entire ;^ants as hosts. Hammer- 
lund {2) and &arle (10) used both entire plants and excised leaves in 
Petri-dish moist chambers. In a previous study the writer used entire 
plants in the field and the greenhouse, and excised leaves on sugar 
solution in dish cultures (11). ^ 

In the greenhouse and in dish-culture tests leaves of five plants of 
each host species were inoculated in most cases, and infection was 
considered positive if one or more plants of a species were infected. 
In the field a record was kept of the natural mildew infection of plants 
in a plot containing a number of Trifolium specie adjacent to a plot 
of heavily mildewed red clover. That the nmdew occurring on these 
Trifolium species in the field resulted from infection with conidia from 
red clover is not certain but appears very likely. 

1 Received for publication Oct. 7, 1935: issued June, 1^. Joint contribution from tbe Oivision of 
Forage Crops and Disea^ Bureau of Plant Industry, u . S. Department of Agriculture, and tbe botany 
department, Purdue University Agricultural Experiment Station. 

a Tbe writ®: wiabes to exi>ress bis indebtedness to E. B. Mains, formerly agent, Divfeion of Cereal Crops 
and Diseases, and to A. J, Pieters, i^lncipal agronomist, Division of Forage Oroj^ and Diseases, Bureaa 
of Plant Industry, for assistance doling tbe course of this work. 

» Now associate in plmit pathology, California Agricultural Experim^t Station, 

* Reference ig made by number (i^e) to Literature Cited, p. 654- 
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The greenhouse inoculations were performed by dusting young 
plants of the TrifoUum species with conidia from mildewed red clover. 
No precautions against contamination were taken, but, as red clover 
powdery mildew was the only form of Erysi'j^he polygoni in the green- 
house at the time of these tests, contamination was unlikely. 

In the dish-culture tests, leaflets were excised from mildew-free 
greenhouse plants, inoculated by touching their upper surfaces with 
a heavily sporulating mildewed leaf of red clover, and floated on 
10-percent sucrose solution in Syracuse watch glasses in the diffuse 
light of the laboratory at about 20° C. Inoculated leaves were 
examined for infection about 10 days after inoculation. 

In table 1 the TrifoUum species tested are listed in the order of 
their apparent susceptibihty, and the summarized^ results of other 
investigators are tabulated for comparison. It is difficult to express 
quantitatively the relative susceptibility of these species, but it may 
be said that T. lupinaster L. was almost if not quite as susceptible as 
r. pratense, that T. hybridum L. was much less susceptible, and that 
such species as T. repens L. and T. incarnatum L. were definitely 
resistant although sporulation of Erysiphe polygoni on excised leaflets 
of these species was observed in dish cultures. Each species tested in 
dish culture was inoculated separately with physiologic forms 1 and 2 
of clover mildew, described later, but, since none of these species 
other than T. pratense showed any difference in susceptibility to the 
two forms of mildew, the results are not separately listed. 

Leaflets of Trifolium pratense were inoculated in dish culture with 
conidia produced on each of the species listed as susceptible. Recip- 
rocal inoculation was successful from all species but T, incarnatum. 

The results given in table 1 emphasize the great variation in the 
results of different workers. In contrast to 1 susceptible species out 
of 8 tested by Salmon (5), 1 susceptible species out of the 3 tested by 
Searle {10)^ 1 susceptible species out of the 7 tested by Mains (^), 2 
susceptible species out of the 8 tested by Hammerlund {2), and 4 
susceptible species out of the 20 tested by Bliuner (f), the writer 
found 14 species susceptible in varying degrees out of a total of 20 
species tested. The reason for this extreme variation in the results 
of different investigators is unknown, but the following possible 
reasons are suggested: 
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Table 1. — Infection of Trifolium speHes with conidia of Erysiphe polygoni from 

T. pratense ^ 


Reaction of Tnfolium spp. to Erysiphe polygoni according to— 


Host 

Salmon 

Searle 

Mains 

Ham- 

mer- 

lund 

Blum- 
er * 

Yarwood, 1931, La Fayette, Ind. 

Field 

tests 

Green- 

house 

tests 

Dish cultures * 

Plants 

inocu- 

lated 

Plants 

in- 

fected 

T. pratense L 

T. lupinaster E 


+ 

+ 

+ 

-t- 

+ 

+ 

4 - 

+ 

4 - 

4 - 

4 - 

4 - 

4 “ 

+ 

4 - 

4 - 

4 - 

4 - 

4 - 

4 - 

4- 

+ 

4 - 

4 - 

4 - 

4 - 

Num- 

ber 

B 

4 

2 

3 

3 

5 

5 

4 

6 

5 

6 

5 

S 

1 

1 

5 

5 

5 

Num- 

ber 

B 

4 

2 

3 
2 
6 

4 
3 

5 
i 2 
44 

* 5 

* 1 

8 0 

0 

0 

0 

0 

0 

0 

T. carohnianum Michx 






T, striatum L 






T. refieTum L 






T. angustifolium L 






T. pamrmtanum Presl 






jP. hybridum L 

T. sguarrosum L 


~ 

- 


+ 

T, resupinatum L 






T. subterraneum L_ 



_ 


+ : 

T. fragiferum L 




T. repens L 

T. incamatum L 



- 

T. atesandrinum L 




r. dubium Sibtb 

- 





T medium L 



T. pannonieum Jaeq 



T. rubens L 





T, procumbens L 





T, agranum L 

— 



- 

T. badium Schreb 







T. montanum L_._ 

_ 










T thalii Vill 











T. alpinum L 










T. alpestre L 










T, ochroleucum Huds 










T. ambiguum Bieb 





- j 





T. oTvense L...... ...... 

T. trichoeephalum Bieb 





z ■ 





T. pallescens Schreb 























J Pins (+) indicates that iafection was miwoseoploally visible. 

» ThK ooiuiim combines the resolts of 3 of Bimn^s tests (1, table U). If the results of these 2 tests 
diffffliea, the positive infection was recorded here. 

* Results of a test of Feb. 6, 1931. This test was repeated at 2 other times with essentially similar results. 

4 Weak infection. 

* Weak infection was secured in a previous test. 

(1) The use of different physiologic forms of the organism, varia- 
tions in virulence, and differences in host range; (2) different environ- 
mental conditions, especially temperature; (3) vigor of the inoculum, 
including the germinability of the spores; (4) variation in the host 
species or inadequate representation of the species; (5) probable 
geographic variations in strains of Trifolium, which make positive 
results of much greater importance than negative results. 

PSYSIOLOGIC FORMS 

Salmon Searle (10), Blumer (i), Hammerlund (2), and others 
have shown that the morphologic species ErysipJ^ polygoni of 
Salmon {10) consists of a number of physiologic races each of which 
is generally limited to a single genus or species of host plant. While 
the^ physiologic races nxay be indistinguishable morphologically in 
their perithecial stages, it is likely that most so-caJued physiw>gio 
races or forms of E. polygoni can be distinguished from each 
T oasd— — — 2 
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the morphology of their conidial stages. Homma {3) has shown that 
there are appreciable morphological differences between the biological 
forms of E. graminis DC. on wheat, hull-less barley, Poa annua L., 
and Elymus mollis Trin. The writer has observed that the forms of 
E, polygoni (according to Salmon) on bean, red clover, California 
poppy, mustard, pea, cowpea, buckwheat, and columbine can be dis- 
tinguished readily from each other by the gross morphology of their 
conidiophores and conidia. In the sense that they are clearly distinct 
morphologically in their conidial stages, these forms occurring on 
different host genera are probably not true physiologic forms. More- 



PiQURB 1,— Differentiation of physiologic forms 1 and 2 of clover mildew. A, Plant 23 inoculated with 
physiolowc form 1; S, plant 23 inoculated with physiologic form 2; C, plant 2 inoculated with physiologic 
form 1; n, plant 2 inoculated with physiologic form 2, Plant 23 is immune from form 1 and susceptible 
to form 2; plant 2 is equally susceptible to both forms. Photographed 11 days after inoculation. 

over, Blumer (I) has distinguished many of these in Europe by the 
morphology of their perfect stages. 

In July 1930 two clones of red clover (22 and 23), previously selected 
for mildew resistance, became heavily infected with powdery mildew. 
Healthy leaves of these and other red clover clones were taken from 
plants which had been protected from mfection by dusting with 
sulphur, the leaflets were washed and inoculated with five collections 
of red clover powdery mildew in dish culture. Four of Ihe six clones 
used were equally susceptible to the five mildew colle<^M tested at 
this time, but clones 22 and 23 were immune (reactio# with necrotic 
spots) (6) to the mildew prevalent in the field and i:if:^e greenhouse 
but were very susceptible to the inoc^um taken me mildew 
occurring on them. On the basis of this and a later test, two physi- 
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ologic forms of red clover mildew were distinguished. The mildew 
which was prevalent ih 1930 and 1931 and to which clones 22 and 23 
were immune is designated physiologic form 1, and the mildew to 
which these clones are susceptible is called physiologic form 2. Fig- 
ure 1 illustrates the mildew reactions by which physiologic forms 1 
and 2 of clover mildew were distinguished. Single-spore cultures of 
forms 1 and 2 of clover mildew were isolated and cross-inoculations 
repeated with similar results. 

In the fall of 1931, a third physiologic form of clover mildew was 
found on a plant which was very resistant (reaction 1 with necrotic 
spots) {6) to forms 1 and 2. Except for clearly differentiating it 
from forms 1 and 2, form 3 has not been studied. 

All determinations of physiologic forms of clover mildew were made 
in dish cultures. In the determination of the physiologic forms of 
many parasitic fungi, for example the wheat rusts genetically pure 
lines of the host plants are generally available, and a number of plants 
of each variety can be inoculated with each of the collections of the 
parasite to be tested. With such a heterozygous plant as red clover, 
however, this is not possible, unless the desired differential plants are 
multiplied by cuttings. This is a slow process, as only a limited 
number of cuttings can be secured from a given plant at any one time. 
AJso, with a wind-disseminated fimgus such as clover mildew, which 
produces conidia germinating readily in the absence of free moisture, 
careful greenhouse methods would be necessary to insure against 
contamination if physiologic forms were to be differentiated on potted 
plants. These difficulties were readily overcome by the use of dish 
cultures. If leaflets from the same plant are distributed in different 
dishes, a single plant may furnish a large number of closely comparable 
units for a given test, and the same plant may be used repeatedly as 
a source of mildew-free leaflets. Each unit of a test is enclosed in a 
glass chamber during the incubation period and thus protected from 
mildew contamination. 

About 800 individual clover plants have been tested for their 
susceptibility to forms 1 and 2 of clover mildew. No plants suscep- 
tible to form 1 and resistant to form 2 have been found, and most of 
the plants which were more susceptible to form 2 than to form 1 were 
from crosses involving one or both of the clones on which form 2 was 
found. 

During 1930 and 1931 collections of clover mildew were secured 
from British Columbia, Canada, and from Maine, New York, Mich- 
igan, North Carolina, Kansas, North Dakota, Idaho, and Washing- 
ton, and seven collections were made in Indiana. These were tested 
on a series of host plants, including differentials for physiologic forms 
1 and 2 of clover mudew, and in most cases for form 3. All collections, 
except one from Idaho and one from Indiana, corresponded to physio- 
logic form 1 and did not contain forms 2 or 3. In the two exceptions 
in which form 2 was present, form 1 also may have occmred, since 
the differentials and methods in use would not determine clearly 
the pr^ence of form 1 in a mixture of forms 1 and 2. It appears 
from these limited tests that form 1 is widely prevalent and that 
forms 2 and 3 are relatively rare. Moreover, smce these three forms 
are similar, they are probably all of the epidemic type wbteh spread 
so rapidly from the East to the West of the United States from 1921 
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to 1924.® Since powdery mildew of clover was present in the United 
States previous to 1921,® this earher mildew was probably different 
from those studied. 

Hammerlund (^) secured negative results when red clover was 
inoculated with the powdery mildew occurring on alsike clover 
{Trifolium hyhridum), and Salmon (5), Mains (5), and Hammerlund 
{2) found alsike clover to be resistant to red clover mildew. However, 
Blumer {!) secured infection of alsike with the mildew occurring on 
red clover, and in Idaho (4) reciprocally successful inoculations of 
the mildews on red and alsike clover have been performed. In the 
present investigation alsike clover was successfully infected with 
physiologic forms 1 and 2 from red clover. Powdery mildew on 
alsike clover at La Fayette, Ind., also was tested on red clover plants 
and found to correspond to form 1 of red clover mildew. 

No differences in the conidiophores and conidia of the three physio- 
logic forms of red clover mildew could be detected, but it is possible 
that with more refined methods significant variations may be found 
between the forms. The presence of different forms can be readily 
determined at any time with certain host plants, but since form 2 
was identified by its ability to infect certain plants immune to form 
1 the same identical physiologic strains could not be described 
certainly as the result of future inoculations, except upon the use of 
identical host plants from which the forms were first described. 

SUMMARY 

Fourteen Trifolium species out of 20 tested in the field, in the 
greenhouse, and in dish cultures showed infection in varying degrees 
to red clover powdery mildew, Erysijghe folygoni DC. 

Three physiologic forms of red clover powdery mildew have been 
distinguished by differences in the reaction of certain red clover clones. 

These investigations were greatly facilitated through the use of a 
method of growing the clover mildew fungus on hving excised leaves 
floating on sugar solution. 
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CHRONIC PROGRESSIVE PNEUMONIA OF SHEEP, WITH 
PARTICULAR REFERENCE TO ITS ETIOLOGY AND 
TRANSMISSION ^ 

By G. T. Creech, veterinariarif and W, S. Gochenoue, senior veterinarian^ 
Pathological Division, Bureau of Animal Industry, United States Department 
of Agriculture 

INTRODUCTION 

The existence of a fatal lung disease of sheep has been recognized 
among the herds of the northwestern section of the United States, 
especially in Montana and Oregon, for at least two decades. Since 
the most prominent sjnnptom of the disease is difficult, or labored, 
breathing, sheep so affected have been commonly referred to by sheep 
owners and herdsmen as “lungers. 

Marsh {5y made a study of the disease in Montana and published 
the first report of his findings in 1922. He found the disease to be of 
the nature of a chronic progressive pneumonia, the lesions in all 
cases being confined to the thoracic cavity. A disease very similar 
in character, known as “jagziekte’’, which has been recognized among 
the sheep of South Africa for many years, has been reported by 
Robertson (§), MitcheU (7), Cowdry (f , 2), and others. Because of 
the striking similarity of the lesions of jagziekte of South Africa and 
chronic progressive pneumonia of Montana, Cowdry and Marsh {$) 
made joint comparative studies of the two diseases. They reached 
the conclusion that they were probably identical. 

Chronic progressive pneumonia is imquestionably of considerable 
economic importance. Marsh {5) estimated that the losses from the 
disease among Montana sheep range from 2 to 10 percent, varying 
somewhat in the different herds. The mortality is generally believed 
to be 100 percent of the animals affected. Observations have indi- 
cated that the losses are greater among older animals, but sheep of 
all ages appear to be susceptible. 

The principal objectives of the investigation reported in this 
paper were to determine the etiological factor or factors involved, the 
possibility of transmission, and other facts concerning the disease. 

SYMPTOMS AND REPORTED CAUSES OF THE DISEASE 

Because of the insidious nature of chronic progressive pneumonia 
of sheep, it is not known how long the animals are affected before the 
first clinical s 3 anptoms can be observed. The first noticeable symptom 
is labored breathing after exercise. As the disease progresses there 
is an acceleration of respiration, dilated nostrils, and flank breathing 
or pumping, even while the animal is at rest. More or less coughing, 
with some nasal discharge, has been observed in some cases. Bi 
later stages the affected sheep show marked weakness and emacia- 
tion. Breathing becomes more difficult and the disease eventually 
terminates in death. 

1 Received for publication Jan. 6, 1936, issued June, 1936. 
s Reference is made by number (italic) to I4t«ratare Cited, p. 679. 
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Several theories as to the cause of tMs type of chronic pneumonia 
in sheep and the similar disease jagziekte have been presented by 
different investigators. 

Marsh (6), in his paper on bacteriological studies of chronic pro- 
gressive pneumonia, reports the frequent isolation from the affected 
lung tissues of a diphtheroid which he considered an etiological factor, 
being either associated with, or secondary to, certain other possible 
predisposing factors. Robertson (5), who was one of the earlier 
investigators of jagziekte in South African sheep, believed the causa- 
tive factor in that disease to be of the nature of a protozoan. Mitchell 
(7), in his studies, pointed to a specific virus as the cause of jagziekte. 
Cowdry and Marsh {3), in their later studies of the two diseases, 
reached the conclusion that although these chronic pnermonias, of 
which the epithelian lesions are particularly characteristic, may be 
due primarily to a specific cause, the pathological complex as a whole 
is such as might be caused by a variety of predisposing and exciting 
factors operating over a period of time. 

SHEEP USED IN EXPERIMENTS 

W. J. Butler, State veterinarian of Montana, at whose request these 
investigations were first undertaken, cooperated with this Bureau in 
furnishmg, from that State, sheep affected with chronic progressive 
pneumonia. The she^ were shipped from Montana to the Experi- 
ment Station^ of the Bureau at Bethesda, Md., where most of the 
transmission experiments were carried on. At various intervals 
during the course of the investigations the sheep were received in lots 
of 2, 2, 4, 6, 6, and 10, making a total of 30 sheep received from Montana 
Of this number 2 died in transit, 2 were found dead in the pens, and 3 
showed only slight pneumonic lesions, leaving 23 to be used in the 
experiments. 

For use in exposure tests, 96 normal sheep were obtained. These 
were native animals from Maryland. They were in fair condition, 
and most of them ranged in age from 1 to IK years. 


OUTLINE OF METHOD 

Frequent clinical observations were made on the diseased sheep 
from Montana, and ^ the animals developed unmistakable symptoms 
of chrome pneumonia they were killed for study of the gross lesions, 
histological and bacteriological examinations, and for carrying on 
transnussion experiments. 

The sheep were killed by bleeding from the carotid artery and 
jugular vein. Care was taken not to injure the trachea and thereby 
permit the inspiration of blood or extraneous contamination. Some 
of the animals in the advanced stages of the were killed shortly 

after their arrival, and others in which the symptoms were less marked 
were held for various periods before slaughter. Accordingly, exami- 
nations were made of subjects in which the symptoms ^d lesions 
varied from slight to those of the advanced type, in which ||te®^pimals 
exhibited what was considered to be the last stages of 

At the time gros^lesion examinations were made, of 

the diseased limg tissue and bronchial and mediastinsJ l^fe^i glands 

3 This station, now known as Animal Disease Station, has been moved te se^fetade a part of the 
National Agricultural Resear<^ Center, Beltsville, Md. i,i« 
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were j)laced in fixing solution for later histological examination. 
Bacteriological examination was made of the limg tissue and asso- 
ciated lymph glands. 

Immediately after removal of the lungs from the diseased sheep, 
the pneumomc areas, including also portions of the lung at the 
jxmcture of the diseased and apparently healthy tissue, together with 
the associated lymph glands, were cultured for aerobic and anaerobic 
organisms. Aerobic cultures were made by spreading the diseased 
tissues over the surface of ordinary agar medium and agar medium to 
which 5 percent of blood serum was added. Anaerobic cultures were 
made by placing cubes of tissue in depths of 0.1 percent of ^ar, in 
Smith fermentation tubes of beef-liver infusion broth containi n g 1 
percent of dextrose, and in tubes of beef infusion broth containing 
finely divided pieces of beef, the medium being covered with neutrm 
para&n oil. When micro-organisms were recovered from lung 
specimens, antigens were prepared from them and agglutination tests 
and complement-fixation tests were made with blood serum from the 
host to determine whether specific antibodies were present. 

Transmission experiments were made by exposure of healthy sheep 
to the following materials from diseased sheep: Cultures of organisms 
from the lung, fresh blood, puslike lung exudate, and emulsified lung 
tissue, the last-mentioned frequently including portions of the medias- 
tinal lymph gland. Exposure to these matenals was made by feedi n g 
and by subcutaneous, intravenous, intratracheal, and intrapulmonary 
inoculations. Contact exposures were also made by placing healthy 
sheep in pens with the diseased sheep for periods ranging from 6 to 12 
months. The exposed sheep were held xmder observation for varying 
periods. In the earlier experiments the animals were disposed of in 
from 3 to 6 months, but in the later experiments most of the sheep 
were held from 6 to 12 months before slaughter for post-mortem 
examination. At least 18 of the animals were kept between 11 and 12 
months after exposure. 

DATA OBTAINED FROM SHEEP NATURALLY AFFECTED WITH 
CHRONIC PROGRESSIVE PNEUMONIA 

GROSS LEfflEONS 

In making the studies of the gross lesions, it was observed that 
when the thoracic cavity was opened the lungs did not collapse. 
There was more or less fluid in the cavity. Extensive pleuritic adhe- 
sions were frequently present, and in some cases, as a r^ult of these 
fibrous proliferations, the lungs appeared constricted or lobulated. 
There was solidification of the affected lungs, varying in extent from 
partial to almost complete solidification. The observations of the 
writers indicated that the solidification of the lung tissue has its be- 
ginning most frequently near the borders of tb& diaphragmatic lobes. 
The consolidated portion of the lungs was usu^y ^ a diaraoterisiic 
grayish color, with prominence of the lung lobTjles on gross section- 
mg. Small bronchial concretions were sometimes observed. In 
some cases a puslike material could be squeezed from the bronchi, 
bronchioles, and alveoli. The bronchial and mediastinal lymph 
glands usually were swollen and edematous. In all cases exammed 
the lesions were confined to the thoracic cavity. 
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HISTOPATHOLOGICAL FINDINGS 

The usual histological picture was that of a chronic catarrhal pneu- 
monia. The walls of the alveoli showed infiltrations of lymphocytes 
and large mononuclear cells. The cellular exudate in the alveoli con- 
sisted of large mononuclear cells and leucocytes occasionally mixed 
with red cells. The large mononuclear cells in the lumen of the 
alveoli were frequently found to be greatly swollen and vacuolated 
(fig. 1, A). 

Scattered through the affected lung tissue were frequently seen 
accumulations of lymphocytes, or lymphoid nodules (fig. 2, A), which 
have been referred to by Marsh (6) as ^Tuberclelike nodules. These 
nodules were found in the peribronchial and also in the interalveolar 
tissue. In the consolidated portions of the lung tissue most of the 
alveoli were filled either with the cellular exudate or with mucous 
plugs. In some cases many of the alveoli and bronchioles were filled 
with polymorphonuclear leucocytes. 

Epithelial proliferations of the alveoli and bronchioles, which are 
considered characteristic of progressive pneumonia, were observed in 
practically aU cases of the disease examined by the writers (fig. 3). 
As the disease progressed there was a gradual increase in the fibrous 
changes in the areas involved, and in the later stages practically com- 
plete fibrosis of a considerable portion of the lung tissue was observed 
in some cases (fig. 4). 

The gross pathology and histopathology of chronic progressive 
pneumonia, as determined by the writers, were essentially the same as 
the findings of Marsh (S) and Cowdry and Mamh (8), 


BACTERIOLOGICAL RESULTS 

On bacteriological examination, a number of the lung specimens 
from the sheep naturally affected with chronic progressive pneumonia 
yielded no growths of micro-organisms, either aerobically or anaerobi- 
cally. From some specimens there were obtained pure cultures of 
Pasteurella oviseptica, Corynebacterium oviSj fxmgi, or organisms be- 
longmg to the diphtheroid group. Other specimens yielded mixed 
growths of organisms. In no instance, however, was a positive agglu- 
tination or complement-fixation reaction obtainable with antigens 
made from any of the recovered micro-organisms and the blood 
serum of the host. Thus, the bacteriolo^cal examination of sheep 
affected with chronic progressive pneumoma-gave negative results, no 
micro-organisms having been found that held any promise of being 
an etiological factor in the disease. 


RESULTS OF TRANSMISSION EXPERIMENTS WITH HEALTHY 

SHEEP 

Table 1 shows that visible evidence of paleumonia was foimd in 21 
of the 96 healthy sheep exposed. . Ja this group, the lesions varied 
in extent from rather slight invol^ment of the lung tissue to well- 
marked areas of chronic pneumonia. 

Subsequent histological examinations of the fang ^^ue of the 21 
sheep revealed that the pneumonia in 7 was atypical, 

in character. In 10, the lesions were found to of vermin- 

ous pneumonia; Cowd^ has called attentiA'^l the fact that 
verminous pneumonia in some cases may sitmnli^^ the lesions of 
chronic progressive pneumonia. In the remaining lour sheep, nos. 
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781, 813, 820, and 852, there were well-marked lesions suggestive 
of chronic progressive pneumonia, and in these cases no nematodes 
or nematode eggs were found. In view of the fact, therefore, that the 



riGURB 1— -4, Section of lung of steep 6^ natexaHy affect^ Note 

extensive c^ulax infiltration of alveoli anfi intcffalveolaa: Sssoe, tto caoas^fagg of 

mononuclear cells. X 400. B. SeeUon of lung of 7^ wjndi 


from steep 777, naturally aSectefi with the disease. Note sunflarfty with figure L ^4, m tta t 
of alveolar wails and cellular infiltration of alveot and interalve<dar tissoe. X ^ 


r infiltration of alveot and interalve<dar tissoe. X4SQ, 


results of exposure were apparently negative for all the experimentalfy 
exposed sheep except those just referred to, detailed inforsaalion is 
given only for these four. 
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Table 1. — Results of tests with sheep exposed to chronic progressive pneumonia by 

various methods 





Incidence of pulmonary lesions found 
on post-mortem examination 

Healthy 

sheep 

ex- 

posed 

(num- 

ber) 

Material used in exposure 
tests 1 

Method of exposure ^ 

Sheep 
with no 
lesions 

Sheep 

with 

parasitic 

lesions 

Sheep 

With 

slight 

pneu- 

monic 

lesions 

Sheep 
with 
lesions 
sugges- 
tive of 
chronic 
progres 
sive 
pneu- 
monia 

22 

Emulsified lung tissue from 
naturally affected sheep. 

. _ do 

Intrapulmonary inocu- 

Number 

1 13 

Number 

4 

Number 

2 

Number 

3 

U 

lation. 

Intravenous inocula- 

37 


3 

1 

s 

do _ _ _ - 

tion 

Intratracheal inocula- 

2 

1 



g 

Organisms from lung of nat- 
urally affected sheep. 

(in _ _ 

tion. 

Intrapulmonary inocu- 
lation. 

Intravenous inocula- 

35 

2 

2 


R 

8 6 

2 



3 

do __ - __ 

tion. 

Intratracheal inocula- 

3 




9 

do- 

tion. 

Feeding — . 

9 




2 1 

Eresh blood from naturally 
affected sheep. 

None. _ .. _ 

I Intravenous inocula- 

2 




16 _ 

tion 

Contact 

15 




u 

Emulsified lung tissue from 
experimentally exposed 
sheep. 

_do 

Intrapulmonary inocu- 
lation. 

Intravenous inocula- 

10 

1 



1 . 

1 



1 

' Puslike material from lung of 
experimentally exposed 
sheep. 

1 Organisms from lung of ex- 
perimentally exposed sheep. 

tion 

Subcutaneous inocula- 

1 




1 

tion 

Intravenous inocula- 

1 





tion. 






1 In the case of the emulsified lung tissue, small portions of the mediastinal lymph gland "were usually 
included- 

* The desirability of arranging the experimentally exposed sheep in the various groups precludes showing 
the time elapsing between exposure and post-mortem examination of the Individual animalsi which varied 
rom 3 to 12 months. 

® 1 of these sheep died from acute septic infection shortly after Inoculation. 


The four sheep were inoculated with emulsified lung tissue, includ- 
ii^ a small amount of mediastinal lymph §land, from four of the 
diseased sheep. Exposure was made by the mtrapulmonary method 
except in the case of sheep 813, which was exposed intravenously. 
The time elapsing from inoculation to slaughter was as follows: 8 
months 4 days for sheep 781, 11 months 1 day for sheep 813,9 months 
4 days for sheep 820, and 11 months 22 days for sheep 852. None of 
these animals showed any definite clinical symptoms at the time of 
slaughter. The gross lesions found in each of the four animals were 
as follows: 

In sheep 781, both lungs contained numerous grayish, Solidified 
areas throughout, and, in addition ^ one larger area, apprg^s&nately 2 
inches in diameter, was observed m the postero-supeno^ ^rtion of 
the light limg. ^ j 

In sheep 813, chronic pneumonic areas more or limited in 
character were found in both lungs. 

In sheep 820, when the thoracic cavity was opened the lungs did not 
collapse. Numerous adhe&ions were noted. The lungs contained 
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numerous grayish consolidated areas with more uniform solidifica- 
tion of the lung tissue toward the borders of the diaphragmatic lobes. 



FiGtjKE X—A, Section ofltrog of 712^ jaaftecpaBy affeded ITote 

typ^ infe^yec^ar lympfatoad deists, X 138* ^ See^<m of of 

wiiii Itu^ inaefeerifli fr^ sheep natisra^ afifeefeed witfe tba ditose* % 

parti^arly with respect to the lymphoid depcsite. X 139. 

On gross section the solidified areas dbsely samulated the lesions of 
chronic progressive pneumonia. 

In sheep;^852/ when the thoracic cavity was opened the dW 
not collapse. There were some constoctions or iobtdatid^ as 
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Figubb 4, — Section of lung of sheep 797, naturally affected with chronic progressive pneumonia and in the 
later stages of the disease. Note the rather exteaasive fibrosis Of the lung tissue X 120. 
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result of fibrous proliferations. Numerous grajdsh solidified areas 
were seen tkroughout both limgs. Solidification was more uniform 
toward the superior portion and borders of the diaphragmatic lobes. 
The bronchial and mediastinal Ijrmph glands appeared to be enlarged 
and edematous. 

The bacteriological results from these four sheep were considered 
negative from the standpoint of pathogenic micro-organisms. Culture 
media inoculated from the limg tissue of one of the sheep, no. 813, 
remained sterile. The lung tissue of the other three yielded a limited 
number of organisms, none of which was foimd to be pathogenic. 

Although there were slight variations, on the whole the patholog- 
ical changes observed in the lun^ of sheep 781, 813, 820, and 852, 
were similar. There was thickening of the alveolar walls as a result 
of the interalveolar cellular infiltrations. There was also cellular 
exudate into the alveoli, consisting mostly of the large mononuclear 
cells and lymphocytes. Note the similarity, in these respects, 
between the lung tissue of sheep 781 (fig. 1, B), and that of a sheep 
693, naturally affected with chronic progressive pneumonia (fig. 1, A). 

In the lung tissue of one of the sheep, no. 852, there were also 
"rather extensive infiltrations of polymorphonuclear leucocytes. 
Occasional localized capillary engorgement was noted. Typical 
peribronchial and interalveolar lymphoid nodules were a prominent 
feature of the lesions in all four animals, as illustrated for sheep 852 
(fig. 2, B). In this respect also, attention is called to the similarity 
between the section of lung of this sheep and that of a naturally 
affected sheep (fig. 2, A). 

Epithelial prohferations of the alveoli and bronchioles were also 
noted, those m sheep 820 (fig. 5, B) being similar to those in one of 
the naturally affected sheep (fig. 5, A). These prohferations were 
somewhat more marked in sheep 852 (fig. 6) than in the others. In 
this sheep also more extensive fibrous changes were noted in the lung 
tissue than in any one of the other three. 

Five healthy sheep approximately 1 year of age were inoculated 
by the intrap ulmonary method with material from the lung and 
mediastinal lymph gland of three of the experimental sheep as follows: 
Two animals from ^eep 852, two from sheep 820, and one from sheep 
781. No inoculations were made from sheep 813. One animal died 
approximately 1 month after inoculation, one was held for 3 months, 
one for 6 months, one for 11 months, and one for 12 months. None 
of the five animals showed visible evidence of chronic progressive 
pneumonia on post-mortem examination. 

DISCUSSION 

Although a rather large number of traiCsmi^ion experiments were 
made, lesions suggestive of chronic progressive pneumonia were 
found in only 4 of the 96 experimentally exposed sheep. The writers 
believe that the lesions in these four sheep resulted from experhnental 
exposure. Conclusive evidence of direct transmission was liking, 
however, because subsequent attempts to produce similar lesions in 
other sheep by inoculating them with lung material froxn three of the 
four animals in question gave negative results. Similar difficulty 
has been experienced by other investigators of this disease. This 
may have been due to not having affected sheep at the proper stage 
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for transmission or to a lack of susceptibility in the normal sheep that 
were exposed to the disease. That there is a lack of susceptibility 
in a large percentage of sheep seems to be evidenced by the fact that 




of Imig of 82S, BatmaHy a£feeted wltk ciironic pro^possive pneamonia. 
■was iiKkterial ^cf>m amjwagri- X 12a. of feanff A sheep 

wtddi was iiaieclated wtQi hna® ti^ae &tH3ii sheep 83^ as&caaHy afEeefeOd eSwrairie prMressive piiea- 

HKRiia. X iSft. Ko^stizifitaarlly ofif^$0DSto^hoaBtBlEZQsofsheep62&^Sig.^.<€)>Ba£'^3a^1y'W^riW£ad 
praiifKal^ of braoelilcdes aad lyms^boid no^^es. 

only from 2 to 10 percent of the animals become affected in herds in 
which the disease is found. In the piesent experitamts, the diffi- 
culty in transmission might also be accounted for t>y ffifference 
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in environment at the experiment station where the transmission 
experiments were conducted and that of the areas where the disease 
occurs naturally. In the latter environment there may be predis- 
posing influences as a result of which sheep become more susceptible, 
and there also seems to be a possibility that recovery may take place 
in some cases when the animals are removed from such environmental 
conditions. 

Cowdry and IMarsh (5) are of the opinion that there is some evidence 
that animals in the earliest stages of the disease may recover. In the 
present investigation three sheep naturally affected with the disease 
showed only slight evidence of it when they were slaughtered. One 
of these sheep was slaughtered after being held under observation 



FW3UKE 6. — Secfcioa of hzng of sheep 862, wMofa, was inocolated with lung material firom sheep 827* natu- 
rally affected with chronic progressive pnemncnia. Note marked prohJeratton of the brooel^ 
epithelium- X 


for 9 months, and the other two after a period of 18 months. Although 
no well-marked symptoms were noted in these animals during the 
period of observation, it is presumed that some clinical evidence of 
the disease had been observed prior to shipment from Montana; and 
if so these cases strongly suggest the po^bility of recovery, paiiae- 
ularly if affected sheep are removed from their original environment 
during the early stages of the disease. 

Records on the length of time that diseased sheep survive after 
bein^ removed from their native environment show individual varia- 
tion m this respect. Two of the sheep from Montana were kept at 
the Experiment Station at Bethesda, Md., for more tJbm 18 njon&s. 
One of these showed little clinical evidence of the disease wfcem it 
was slaughtered, and on post-mortem examination tie pneumonic 
lesions were foupd to be somewhat limited in extmt. In the other 
sheep there was some evidence of difficult respiration, and sqmewfrat 
more advanced lung lesions were found on post-mortem exaEpfeatio^ 
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DETERMINATION OF THE LESS REFINED MINERAL 
OILS ON LEAF SURFACES AFTER SPRAYING ^ 

By L. H. Dawset 

Associate chemist j Division of Insecticide Investigations , Bureau of Entomology and 
Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 

It was shown in a previous paper ( 3 ) ^ that small quantities of a 
refined mineral oil retained by leaves after spraying could be quanti- 
tatively recovered from the leaf surfaces of camphor-trees and on 
pecan and Satsuma orange trees. The determinations were made with 
a single oil, Imown as Marcol. Success in the later^ steps of the 
procedure depended upon the fact that concentrated nitric acid was 
shown to have no appreciable action on Marcol. Treatment of the 
samples with this reagent was one of the important steps, and the 
procedure, although possessing utihty for refined oils, was not claimed 
to be applicable to unrefined oils, since the extent of the action of the 
nitric acid upon this type was not demonstrated. A suitable pro- 
cedure for the estimation of the less refined oils on different species of 
fohage has since been worked out, and is described in this paper. 

OILS STUDIED 

A number of the less refined oils differing considerably from one 
another, and such as might be used in dormant spraying, were 
selected for study of the accuracy ob tamable in analyses. Certain 
physical and chemical constants of these oils are given in table 1. 


Table 1. — Properties of mineral oils employed in determinations and of the highly 
refined Marcol used in previous experiments 


Oil 

Color 

1 

Cloud 
test 1 

Pour 
test 1 

Specific 

gravity, 

20^20° 

1 

Saybolt 
viscos- 
ity at 
37.8° 0. 

Volatn- 
ity * 

Unsiih 
phon- 
1 ated 
resi- 
due 8 

Cayuga 

Yp.llnw _ 

° F. 

48 ' 

0 

20 

0.8841 

Seconds 

102 

Percent 
1. 16 

Perceni 

62.0 

Osage. 

do-« 

66 I 

35 i 

.8898 

140 

.74 

68.4 

Red Engine 

do 

40 

35 

.8939 

164 ^ 

. 16 

56 0 

D-1780 

do 

.8947 

220 

* 1.00 

72.9 

Aloopol 

do 

2 

-10 

.9188 

221 

1. 74 

59.6 

Niantic 

do 

46 

40 

.8042 

307 

.25 

(*) 

94.0 

white Rose 

Water white 

.8512 

96 

* L44 

Marcol 

do 

58 

30 

.8419 

86 

1.58 

96.8 




1 Determined according to the American Society for Testing Materials Method D9^22T (7, pp, SSSe). 
In the description of this method temperatures are givem m degrees Fahrenheit. 

* Determined according to method adopted by the Insecticide Division, but at 110° C. See Wiley (S, 
V, S, p, 566). 

* Determined according to method adopted by the Association of OfSoial Agricultural Chemists (/). 

< Volatility determined over 24 hours at 100° F. (37 3° C.), see Dawsey (B). 

* Large amount of free carbon prevented reading the oil column after test on this oiL 

The object in listing these constants is to furnish a description of the 
materials employed rather than to supply any data directly useful 
in calculating the qumtity of oil on foh^e. For example, the con- 
stants do not afford information concerning the oxidation, nitration^ 
or sphttiog of unsaturated, aromatic, or naphthalenic compounds 
which may be components of the unreiSned oils before treatment with 
nitric acid. 


* Eecoived for publication Dec. 12, 1^; issued June 1933 

* Eeference is made by number (italic) to Litwature Cited, p. ^3. 


V(g. 52, he. 9 


Journal of Agricultural Research, 
Washington, D. O. 


( 681 ) 



682 Journal of Agricultural Research voi. 52, no. 9 

RECOVERY OF OILS FROM CAMPHOR-TREE LEAVES 

DETERMINATION OF OPTIMUM NITRATION PERIOD 

Experiments were first performed to determine the extent of the 
action of nitric acid upon some of the oils under the analytical con- 
ditions previously adopted. Up to the addition of nitric acid the 
procedure was substantially the same as that described for the re- 
coveiy of refined oil from leaves of the camphor-tree {Cinnmnomum 
camphor a) 0). Each sample contained 100 leaf disks 30 mm in 
diameter, to which weighed quantities of oil had been added. After 
extraction the waxes were frozen out, the filtrates transferred to 
Babcock bottles, and the ether-alcohol solutions evaporated, so that 
the residues consisted only of mineral oil, natural leaf oil, and chloro- 
phyll. The acid treatment, with which this paper is chiefly concerned, 
consisted in adding 6.0 cc of concentrated nitric acid to the cold oil 
residues in the Babcock bottles and heating the bottles in boiling 
water for a chosen length of time with agitation at 5-minute intervals. 
Since the quantity of oil present was rarely more than 100 mg, nitric 
acid was always present in large excess. 

The volume of 6.0 cc nitric acid was chosen because of the construc- 
tion of the capillary bottles. The inlet tubes on all bottles projected 
about two-thirds of the distance down into the lower bulbs, so that a 
greater volume of acid would have caused loss of the contents dmmg 
the evolution of the nitrogen oxides which accompanied the oxidation. 
It w^as necessaiy to carry out the oxidation at high temperatures to 
eliminate completely the leaf materials extracted with the oil. 

Table 2 shows the weights and percentages of the various imrefined 
petroleum oils that were undestroyed by the acid under the condi- 
tions of the^ experiment. In figure 1, which gives these results 
graphically, it may be seen that the nitric acid did not attack any 
two of the oils to exactly the same degree. These curves were em- 
plojred in estimating the optimum heating period for each oil, so that 
minimum errors would be introduced into the analyses of the respec- 
tive oils. ^ For example, for Cayuga, Osage, Red Engine, Aicopol, 
and Niantic oils, the slopes were least after heating for 60, 60, 60, 20, 
and 15 minutes, respectively. In the interest of shortening the pro- 
cedure, however, the following nitration periods were adopted for the 
respective oils: 30, 50, 30, 30, and 15 minutes. 

CHECK ANALYSES 

On basis of these estimates of the proper nitration period for 
each oil, a number of check analyses were carried out to establish 
the reliability of such methods in the determination of unknown 
samples. Data from series of such check analyses on four of the less 
refined oils are listed in table 3. Each was run a different time, and 
no attempt was made to maintain a consistent strength of nitric 
acid from day to day . It is therefore highly probable that no two 
oils were treated with acW of exactly the same concentration, although 
all the samples of each oil were treated with acid of the same strengtL. 
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Table 2. — Recovery of unrefined 'petroleum oils after treatment with nitric acid for 
various periods of time in the presence of materials extracted from camphor-tree 
leaves 


Oil and sample no. added Oil recovered 

Cayuga; MiniUes Milligrams Milligrams Percent 

1 - 15 97.3 87.9 90 3 

2 30 81 4 68 8 84 5 

3 - 45 99 1 80.2 80 9 

4 — - - - 60 109.6 S5.4 77.9 

Osage 

1 15 93 8 81 6 87 0 

2 30 86 0 71 1 82 7 

3 45 90 9 72 3 79 5 

4 - 60 89 4 71 5 80 0 

Red Engine ^ 

1 .. 15 96.7 95 0 98 2 

2 - 30 118 1 114 4 96 9 

3 45 98 9 93.9 94 9 

4 60 82.4 77 7 94.3 

Alcopol- 

1 - - 15 88,4 72.4 81.9 

2.. 30 114.0 88 5 77 6 

3 - 46 93 1 60.5 65 0 

4 - 60 96 4 52.9 54.9 

Niantic 

1 15 81 5 63 6 78 0 

2 30 99.3 74 7 75.2 

3 45 80 5 63.3 78 6 

4 60 95 4 743 77 9 


1 The concentration of the nitric acid used with these samples was unknovm, but its specific gravity w?s 
considerably less than 1 42 because the acid was exposed to the sunlight in an open beaker for several da>s 
before use. Compare sample 2 with samples of the same oil in table 3, where stronger acid was employed 



0 15 30 45 60 


nitration period ( MINUTES) 

Figure 1, — Percentages of oils recovered after treatment of samples with nitric acid for different 
of time. Plotted firom ti:^ date in tehle 2. 
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Table 3 — Check analyses on four unrefined mineral oils in the 'presence of materials 
extracted from camphor-tree leareSj showing the agreement between the calculated 
oil and that actually present 


Oil and sample no 

Nitration 

period 

Oil added 

Oil recovered 

Calculated 
oil added 

Error 


Jtfinutes 

Milligrams 

Milligrams 

Percent 

Milligrams 

Percent 

Cayuga . 

30 






1 


72.9 

61.5 

84.4 

72 8 

—0 1 

2 


107 2 

90.6 

84 5 

107.2 

0 

3 1 .. 

81 4 

68 8 

84 5 

81.4 

0 

4.__ 

69.6 

69 0 

84.8 

69 6 

+ 4 

5 

94.1 

79 5 

84.5 

94 1 

0 

6 1 

81.4 

68.5 

84 2 

81.1 

-.4 

7 1 

57 9 

48 8 

84 3 

57 8 

- 2 

Mean ( 



84.5 



i 






Osage__ 

50 






1 


89 6 

71 2 

79 5 

90 4 

+ 9 

2 


89 7 

69 4 

77 4 

88 . 1 

— 1 8 

3 


88 8 

69 2 

77 9 

R7 8 


4 


89 4 

69 9 

78. 2 

88’ 7 

3 

5 


90 9 

72 3 

79 5 

91 8 

+1 0 

6 


84 8 

68 3 

80.6 

86.7 

+2.2 

Mean... 




78 8 









Red Engmei 

30 






1 


' 116 6 

99 0 

84 9 

117. 0 

4- ^ 

2 


79 8 

67 3 

84. S 

79. 5 

T. O 

— . 4 

3 


98 8 

83 4 

84. 4 

gg’ Q 

9 

4, 


74 7 

63 2 i 

84,' 6 

74. 7 

0 

5 


115 0 

97 7 

ss' 0 

115.5 

4-. A 

6 


104 9 

88 4 

84.3 
84. 5 

km's 

74 7 

^ A 

7 


74 8 

63. 2 

•x 

I T 

8 


100 3 

85’ 0 

84!? 

100 5 

1 I 

+ 2 

Mean 




84.6 



Niantic 

15 






1 


79 4 

63 8 
78. 6 

80. 4 


+ 6 

2 


99. 1 

79. 3 

< y* y 

Ofi A 

3 . 


95 2 

76 1 

79 9 

yo. 0 

— 6 
+ 2 
-.4 

4. 


94 9 

75.4 

79.' 5 

94 6 

Mean 




79.8 










0^ Red Engtoe oil destroyed was considerably larger than that in the similar sample 2, 
able 2* This is accounted for by the fact that stronger acid was employed here. ^ 


The data show that the percentages of oil undestroyed were sub- 
stantially the same in d^erent samples of the same oil. It was con- 
cluded, therefore, that it would be practical to determine imknown 
quantities of oil on sprayed trees simply by extracting check samples 
contammg known quantities of oil and equal numbers of leaf disks 
along with the corr^ponding un k nown samples, and, after calculating 
the proper correction factor, to apply it to the unknowns treated 
under identical conditions. 


ALTERNATIVE METHOD 

The iUcopoI oil was re^rved for the purpose of demonstrating an 
alternative method of estimating such oils in the presence of extracts 
of camphor-tree leaves. After the optimum nitration period of 30 
mmutes had been fleeted, several tests were run with this oil to deter- 
mme what strength of acid would be required to destroy all the resid- 
ue materials and yet not attack the petroleum oil. A series 
of such tests IS recorded in table 4 (samples 1 to 4). The concentra- 
tion of 4 cc of mtric acid to 2 cc of water proved to be the optimum 
lor the apparent elimination of the leaf materials, and samples 5 to 8 
were run with this strength of acid to determine the reliability of this 
treatment. The agreement of the data in the table show that it is 
possible to recover completely unrefined oils on camphor-tree foliage, 
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provided the proper acid concentration is first determined for the 
specific oil and definite numbers of disks. There is a possibility, 
however, that the traces of undestroyed leaf oil just compensated 
for the petroleum oil taken up by the diluted nitric acid. 


Table 4. — Check analyses of Alcopol oil, showing the error introduced by nitration 
at various concentrations of add 


Sample no. i 

Nitric acid 
added 

W ater 
added 

Oil added 

Oil recovered 

1 — 

Cubtc 

cejitimetera 

6 

Cubic 

centimeters 

0 

Milligrams 
114 0 

Milligrams 

88.5 

Percent 

77.6 

2 

5 

1 

98 5 

90.3 

91.7 

3., 

4 

2 

96 1 

96.0 

99.9 

4 

3 

3 i 

95 6 

100 9 

105.5 


4 

2 

94.2 

94 1 

99 9 

6 - 

4 

2 

99 0 

98.1 

99 1 

7 

4 

2 

97.5 

96.2 

98.7 

8 - 

4 

2 

101.1 

100.5 

99,4 


1 Samples 1 to 4 were trial samples. Samples 5 to S show the results obtained under the optimum acid 
concentration. 


RECOVERY OP OILS FROM SATSUMA ORANGE LEAVES 

The recovery of two of the oils was also studied in the presence of 
extracts of the leaf of Satsuma orange (Citrus nobilis unshiu), with 
the adoption of an optimum nitration period as in the experiments 
with camphor- tree leaves. In these experiments the natural waxes 
were frozen out from the initial extracts under the previously deter- 
mined optimum conditions. The results in table 5 show that a 
correction factor is apphcable in the determination of these less refined 
oils on Satsuma orange foliage. The error involved, however, 
although 'within ±4 percent, was larger than in the case of the 
camphor-tree leaves, and also slightly larger than that obtained with 
the more highly refined Marcol when extracted with orange leaves, as 
reported in the earher paper (3), 


Table 5. — Check analyses of Red Engine and Cayuga oils in the presence of extracts 

of Satsuma orange leaf 


Oil and sample no. 

Oil added 

Oil recovered 

Calculated 

oil 

added 

Error 

Red Engine: 

Milligrams 

Milligrams 

Percent 

MUligrarns 

Percent 

1 

112.7 

79.6 

70.6 

111.6 

-1.0 

2 

116.1 

; 85,4 

73.6 

119.9 

+3,3 

3 - 

78 5 

65.3 

70 4 

77,6 

-1.1 

4 

75 5 

64.6 

72.3 

76.7 

+1.6 

5 

93.7 

66.2 

70.7 

92.9 

-.9 

S 

93 1 

65 1 

69.9 

91.4 

-1.S 

Mean 



71.2 









Cayuga* 


1 




1 - 

108.5 

72.9 i 

67.2 

110.7 

+2.0 

2 

89,5 

68.1 

64.9 

sas i 

-1,3 

3.-.- - - 

114 8 

76.7 

66.8 

116,5 

+1.5 

4 

62 1 

39.4 

63,4 

69.8 i 

-3.7 

5 

84.7 

56.3 

66 3 

84.0 1 

-.8 

6 

104.9 

70.6 

67.3 

197 2 1 

+2.2 

Mean...-- 



66,8 

1 





j 



RECOVERY OF OILS PROM CHRYSANTHEMUM LEAVES 

Certain variations and improvements were introduced durmg %e 
development of a suitable method for the determination of petix^e*^ 
oils on chrysanthemum foliage. Fmr these tests leaves from tife ! 
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Rose variety of chrysanthemuin {Chrysanthemum hortorum) plants 
were used. *^Tlie potted plants were reared in a greenliouse and were 
of uniform size and age. Before extraction, samples contained 200 
leaf disks 1 cm in diameter together with definite quantities of 
petroleum oil. 

EFFICIENCY OF EXTRACTION 

Since the oil absorbed in the chrysanthemum leaf ^sks was to be 
extracted with ethyl ether, it was necessary to ascertain the efficiency 
of extraction before making determinations of the petroleum oil from 
the plants. 

In one experiment a separate set of eight plants was sprayed with a 
2-percent emulsion prepared from the highly refined White Rose oil 
with bone glue as emidsifier. After the water from the spray had 
dried, four replicate samples of leaf disks were cut and allowed to 
stand 2 days for the oil to penetrate the leaf tissue, thus making it 
harder to wash the oil from the disks. They were then extracted in 
several w^ays to determine the quantities of combined oil and w^ax 
recoverable during each separate and successive washing. 

The results showed that it was impractical to wash the disks more 
than four times because of the time consumed, but that at least 30 
to 50 cc of ether should be employed each time. For example, one 
sample, in five successive washings with 40 cc of ether, gave 0.0942, 
0.0239, 0.0056, 0.0019, and 0.0005 cc of combined oil and wax. 
Proportionately larger quantities of oil w^ere taken off in the first 
washing with larger volumes of ether. It was also found that the 
longer the disks soaked the larger were the quantities of oil removed in 
the initial washings. The first four washings thus recovered substan- 
tially all the quickly soluble material in the samples. In all the 
following reported aeterminations the samples of chrysanthemum 
disks were washed four times with 35 cc of ether. 

In other experiments, where approximately 24 hours elapsed 
betw^een the spray application and the leaf extraction, from 90 to 95 
percent of the total deposit was recovered. These tests were carried 
out by extracting four times with 35 cc of ether, measuring the oil so 
obtained, drying and grinding the partially exhausted leaf disks, 
washing the powdered material repeatedly for 2 hours in an extraction 
apparatus, and measuring and calculating the spray oil left in the 
leaves after the first extractions, 

TESTS ON OMISSION OF WAX-FREEZING STEP IN PROCEDURE 

Experiments were then made to ascertain whether the wax-freezing 
step might be omitted from the procedures employed in the studies 
wi6i camphor-tree and orange leaves. It was found possible, instead 
of separating the wax from the petroleum oil, to measure the two 
together and then calculate the oil by subtraction. 

A set of tests was conducted to determine the quantity of extract- 
able wax in samples of 200 leaf disks to which known of T^te 

Rose petroleum oil were added. These tests consisted in filtering the 
ether extracts, evaporating off the solvent, transfe?^g the residue 
to calibrated Babcock botfles and treating it with § cc of nitric acid 
at 100° C., and then measuring the combined oil and wax in the capil- 
laries after filling with more nitric acid and centrifuging. It was 
necessary to centrifuge at about 50° because there was sufficient wax 
present to solidify the oil in the tubes at room temperature. The 
data in table 6 show that the quantity of extractable wax, in the case 
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of ckrysantheraum leaves, is independent of the petroleum-oil content 
and remains constant within workable limits. 

Table 6 . — Extractable wax in samples of chrysanthemum leaf disks to which known 
weights of White Rose petroleum oil were added 


Sample no. 

Oil added 

Oil and wax 
recovered 

Wax, by 
( difference 


Milligrams 

Milligrams 

' Milligrams 

1 

17.5 

22.0 

4,5 

2 - 

29. S 

34.2 

4.4 

3 - 

38.0 

42.2 

4.2 

4 _ . 

46.6 

60 6 

4.0 

5 - 

66. 1 

60 8 

4.7 

6 

67,0 

71.9 

4.9 

7 - 

71.3 

75.8 

4,5 

S - - - 

81.3 

85 4 

4 1 

Mean _ _ - 



4 4 


I"" ■"i 

1 



Since it has been shown that the extractable wax was completely 
removed under the stated conditions, it follows, for samples of lesser 
wax content at least, that the quantity of recoverable wax would be 
proportional to the number of leaf disks treated. 

CHECK ANALYSES 

After the establishment of the proper conditions under which to 
extract chrysanthemum leaves, such that substantially complete 
recovery of the insecticidally active portions of mineral oil might 
be accomplished, and it had been shown that the usual procedure 
might be simplified by omitting the wax-freezing step, a series of 
five tests was run to determine the degree of accuracy attainable 
in the estimation of the oil content in check samples. One of the 
less refined oils, no. L-1780, was chosen for these tests. Table 7 
shows the results obtained when 5 cc of nitric acid was added to 
each sample followed by the usual intermittent agitation and heating. 
After account had been taken of the corrections for the undestroyed 
leaf wax present because of the omission of the wax-freezing step, 
and for the oil destroyed by the acid treatment, the calculated quan- 
tities of oil present were found to be within ±2.5 percent of their 
true values. It was also shown that the accuracy of the calculated 
figures was again independent of the actual oil content of the samples. 


Table 7. — Check analyses of oil L-1780 in the presence of chrysanthemum leaf 

malerial 


Sample no. 

Oil added 

Oil and 
wax recov- 
ered 1 

Oil recovered » 

Calculated 
oil added 

Error 

I 

Milligrams 
60.7 
66.2 
77.6 
101 3 : 
116.8 1 

Milligrams 

44.6 
64.8 
63 2 

83.7 

96.8 

Miltigrams 

40.2 
60.4 
68.8 

79.3 

91.4 

Percent 

79.2 

77.3 
76.9 

78.3 
78.3 

1 

Perceni 

-2.0 

-.6 

-2.6 

2 

3 

4 

5 

Mean 




77.8 




i 






1 The ^Mcdfio gravity of the oil and wax mixtare was assnmed to bo the same as that of the oil, naSaeJy, 
0.8947 at ao^/20® G. 

» The wei^t of oH recovered was obtained by subtracting brom the weight of oil and wax recofvea?^ fbe 
constant 4.4 mg, obtained for the mean weight of wax recovered in the previous serfee of expe^hneirfe 
White noaeoU (table6). It will be noted that this <»ustant agrees with the figure 3.S mg, 

ealoalatine the most probate values for the weight of wax and the percentage of oti reeoret'^d 
d^ta on oil L-1780. 
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DISCUSSION 

There may be several reasons why greater accuracy was not ob- 
tained by the methods proposed. Possible errors in calibration of 
the Babcock bottles undoubtedly offer one explanation. For ex- 
ample, three separate determinations of volume were made for each 
bottle and the mean of these determinations was calculated. Thus, 
for one of the bottles the following figures were obtained for volume 
per millimeter of tube length: 0.0014159, 0.0014397, and 0.0014410 
cc. The mean of these figures was 0.0014322 cc. The deviations 
from the mean are found to be 1.12, 0.56 and 0.63 percent, respectively. 
Since the error in calibration may be as large as 1.12 percent, deter- 
minations might regularlv show errors of tins size. 

The investigations with camphor-tree and Satsmna orange leaves 
reported in t£s paper were made at New Orleans, La., while the 
studies with chrysanthemum leaves were carried out after the field 
station had been transferred to Wooster, Ohio. Since the omission 
of the wax-freezing step in the procedure for the chrysanthemum 
foliage proved to be a simplification without loss of accuracy, it 
must be considered to be an improvement. It would have been 
desirable to study the rehability of the methods for the other two 
species of leaves when this step was eliminated, but since no 
camphor-tree or orange leaves were available in the northern loca- 
tion such an investigation could not be undertaken. It should be 
possible, however, to simpUfy those two procedures also by omitting 
the freezing step, provided the wax-residue constant is first deter- 
mined for given numbers of leaf disks, as illustrated in table 7. 

Since the appearance of English’s original method (4), followed by 
the improvements of Dawsey and Haas (^), two other methods for 
the determination of oil-spray deposit have been proposed. Swain 
and Green (6) have called attention to the distinction between the 
insecticidally active deposit (surface oil) and the total deposit (surface 
oil plus that absorbed in the leaf tissue). They have developed a 
comparatively simple method for an approximate determination of 
the surface oil, which involves washing leaf surfaces with methylene 
chloride, evaporating the solvent, and then weighing the residue 
consisting of plant wax and petroleum oil. According to the published 
results, the procedure is most applicable to determinations made 
immediately after the water has evaporated when there has been little 
time for the oil to penetrate the leaf tissue. Since petroleum oil and 
leaf-surface wax are known to be mutually soluble, however, uncer- 
tainty exists as to exactly what percentage of surface oil can be 
removed each time by ^ the single methylene chloride washing treat- 
ment, particularly in view of the small quantities of the natural wax 
removed by these investigators in washing unsprayed leaves. Rohr- 
baugh (5) prefers to dry and grind citrus leaves before making 
extractions with petroleum ether. With the incorporation of certain 
steps, such as correcting for the quantity of oil destroyed in the sul- 
phuric acid treatment in the case of sulphonatable oils, and correcting 
for the quantity of natural leaf substances extracted with the spray 
oil, his method appears to be applicable to the determination of total 
deposit regardless of the interval between spray application and 
extraction. All these methods have contributed to the solution of 
the problem of recovery of oil spray residue from plants. 
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Judging from what is known in the field at present, in routine work 
it would seem preferable to adopt procedures capable of giving the 
total spray deposit, as advocated by Rohrbaugh {5), rather than the 
surface oil, which is in itself a variable quantity dependent upon 
penetration of the oil into the leaf tissue as influenced by the vola- 
tihty and time factors. If interest is centered upon the insecticidal 
action of the oil, it would also appear, from the evidence at hand, 
that extractions should be made as soon as possible after spraying, 
in order to minimize the volatilization effect, thereby obtaining 
definite and reproducible values for the deposit each time. 

Two logical criticisms have been made of the general methods 
employed by English (4) and by Dawsey and Haas {S)x (1) Takmg 
large disks from the center of leaves does not give representative 
samples, because the oil accumulates principally along the midrib 
and edges of the leaves ; and (2) simply washing the leaves with ethyl 
ether not extract the last traces of oil from the leaf tissue. In 
the method for chrysanthemum leaves given in this paper the first 
difficulty has been largely eliminated by taking a large number of 
small disks over the whole leaf area so that advantage of speed in 
sampling has been retained. With regard to the second criticism, 
from 90 to 95 percent of the total oil can be recovered, at least with 
chrysanthemum leaves extracted soon after spra 3 dng, by the methods 
herein described. The procedure, therefore, offers a means for a good 
approximation to the total oil deposit without recourse to the laborious 
process of reducing foliage to a powder before extraction, and in 
addition does not require the use of expensive extraction apparatus.® 
The work is being continued at the Wooster laboratory in a study of 
extraction methods apphcable to vegetable and animal oils as well 
as to petroleum oils. 

SUMMARY 

The problem of determination of the less refined petroleum oils in 
the presence of materials extracted from plant foliage by ethyl ether 
has been studied. Treatment of the leaf-extract residues containing 
petroleum with nitric acid under controlled conditions results in 
destruction of a definite proportion of the oil each time, and by using 
a predetermined correction factor the original quantity of the oil 
present can be estimated. Api^ations are suggested in the deter- 
mination of oil deposit from the foliage of camphor-tree, Satsuma 
orange, and chrysanthemum plants following spra 3 ?ing with oil 
emulsions. 

The method of analysis of these sulphona table oils in the presence 
of chrysanthemum leaf materials has been simplified, without loss of 
accuracy, by omitting the usual wax-freezing step as employed in the 
treatment of the camphor-tree and Satsuma orange leaf extracts. 

The efficiency in oil recovery in washing leaf disks taken from 
sprayed plants with ethyl ether has also been studied. For a limited 
number of washings recovery is not complete, but from 90 to 95 
percent of the oil is removed even when extraction is made 24 hours 
after the spray application. 

» Later rasolts have shown that 100 paroeaet of the oil deposit can be recovered by oop,tiiicLoas washing 
with varkras solvents in an eriiactlon apparatus, provided fresh grerai leaf are used. I>rybag witbiKit 
powdering prevmte complete recovery, however, tind« the saro wmditlons. 
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The work of other investigators is discussed in the light of the 
present work and the position taken that the total oil deposit is the 
preferable quantity to measure in the study of the insecticidal action 
of oils. 
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INHERITANCE OF RESISTANCE TO THE HESSIAN FLY 
IN THE WHEAT CROSSES DAWSON X POSO AND DAW- 
SON X BIG CLUB 1 

By W. B. Cabtwright, entomologist, Division of Cereal and Forage Insect Investi- 
gations, Bureau of Entomology and Plant Quarantine, and G. A. Wiebe, assistant 
agronomist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

A promising and economical means of controlling the injury to com- 
mercial California wheats caused by the hessian fly, Phytophaga de-- 
tructor (Say), lies in breeding varieties resistant to its attack. Such 
an objective is achieved most easily when the plant breeder uses 
resistant varieties in which resistance is due to the smallest possible 
number of factors. The existence of fly-resistant varieties among the 
common wheats has been demonstrated by many workers. That 
such resistance is due to a definite number of genetic factors has not 
yet been shown conclusively. In this preliminary paper data from 
two crosses are presented which the writers believe indicate the 
existence of two such genetic factors. 

This breeding program was started to develop fly-resistant club 
wheats for the Montezuma Hills district of^ Solano Comity, Calif, 
It is desirable to grow a club type of wheat in this district, because 
such wheat does not suffer from shattering from the high winds which 
prevail ^ere. The two club wheats, Big Club and Poso, which are 
now ^own there are susceptible to the hessian fly. The aim of the 
breemng program is therefore to add the character of fly resistance to 
these two varieties and at the same time retain the desirable qualities 
that they now j^ssess. To attain this end backcro^es will be made 
to the commercial type and the hybrids thus obtained subjected to 
rigorous selection under heavy fly infestation. 

REVIEW OF LITERATURE 

Not a single iustance has been found in the literature where the 
inheritance of resistance to the hessian fly has been definitely put on a 
factorial basis. The following two statements, however, have a bear- 
ing on the problem. Painter, Salmon, and Parker ^ state: 

The most important fact brought out by these data is that resistance is an 
inherited character which may be combined with other desirable ones and that 
fiy resistance is not closely linked with any observed agronomic character such 
as awn type and kernel texture. 

Later Parker and Painter ^ stated that — 

Studies of crones between resistant and susceptible wheat varieties have shown 
that fiy resistance is a heritable character, probably governed by multiple 
factors ♦ ♦ 

1 EeoeiTed for paMicafckin Jaa. 31, 19^; isaoed June 

I pAiNTBa, R, H., Salmon, S, O., and Park^ J. H. eb®3xancb op TAOTTfus op wintbr whbat 
W> ssasLAN PLY, PHYTOPHAGA DBsmucTOE (SAT). Ksos, Expt, Sta. Tec^. Bull. 27. S8 pp„ illns. 
isai. Seap. E9. 

* Vabb:^ J. H., and Paintbe, R. H. insbct bbssstAncb in ceop plants. Sixtii Intematl Cong. 
Geaaetics, Itiiaea, N. Y., Proo., v. ^ pp. 160-152. I'm, 
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MATERIAL AND METHODS 

The parents used in the crosses under discussion are the susceptible 
varieties Poso (C. I. no. 8891)^ and Big Club (C. I. no. 11761) and the 
resistant variety Dawson (C. I. no. 3342). Pure lines of all parents 
were used. Poso and Big Club are white-kerneled club varieties hav- 
ing the spring habit type of growth and are well adapted to the Monte- 
zuma Hills district. Dawson is a white-kerneled, lax-headed variety 
having the winter habit type of growth. 

The original crosses were made in 1931 at Davis, Calif. The Pi 
and F 2 generations were grown at the same place in 1932 and 1933. 
For the purpose of genetic interpretation the F 2 plants were classi- 
fied on the basis of their behavior in F 3 rows. The F 3 rows, averaging 
75 plants per row, were grown at Birds Landing, in the fly-infested 
Montezuma Hills district. The seed was sown in December 1933, and 
the plants were harvested in May and June 1934. The plants there- 
fore made their growth during the winter and early spring and were in 
receptive condition at the time of infestation, which is normally heavy 
in that locality. The susceptible and resistant parents were included 
alternately every eleventh row as checks among the F 3 rows for each 
cross. A population of Fs plants of each cross was also grown in 1934. 

In the vicinity of Birds Landing the hessian fly usually makes its 
major flight between the last of February and the early part of April, 
while the plants are developing from the rosette through the jointing 
stage. A second flight, from a supplementary brood of flies, generally 
occurs late in April, or early in May in wet years. Since the natural 
infestation is usually very high in this district, it has not been neces- 
sary to supplement the natural infestation with an artificial one. 

The plant was used as the unit in making genetic interpretations. 
The plants were classified as infested or noninfested depending on 
whether or not puparia were present. A plant bearing no puparia 
was considered as resistant. 

It wiU be shown later that a small percentage of plants of the sus- 
ceptible parents were not infested. These are believed to have escaped 
infestation, and are not considered as resistant. Packard ^ showed 
that when progeny of such escaped plants were tested the following 
year, they did not possess any decidedly resistant qualities. Although 
he obtained one plant selection which showed a consistently lower 
percentage of infestation, there are good reasons for believing that this 
selection was not of the original parent variety but was either a field 
hybrid or an admixture. 

EXPERIMENTAL RESULTS 

DETERMESTATION OF FACTORIAL BASIS FOR INHERITANCE OF RESISTANCE 

The percentages of plants of the parent varieties having hessian 
fly puparia for the i^riod 1932-34 are given in table 1. The Dawson 
parent shows a negligible infestation as compared with the other two 
varieties. The Dawson parent has been touted for a longer period 
than table 1 indicates, and has always showi a very low infestation. 
Likewise Big Club has always shown a high Stfestation over a longer 
period. The data for the Poso parent do not e:ttend beyond the 3-year 
period. 

* Accession number of tbe Divisioii Cereal Crops and Bureau of Plant Indn^y, 

« Packard. O. M. tee hk^iak flt in gaufobnia. U. S. Agr. Tech. Bull. 81, 36 pp., IHus, 1928, 



May 1, 1936 


Resistance to Hessian Fly in Wheat Crosses 


693 


Table 1. — Infestation of hessian fly pu-paria in Dawson j Poso, and Big Club 
wheats, when grown in the field at Birds Landing, Calif., for the years 1932—34 


Variety 

1932 

1933 

1934 

Average 
plants 
with 
puparia, 
1932-34 1 

Plants 

examined 

Plants 

with 

puparia 

Plants 

examined 

Plants 

with 

puparia 

Plants i 
examined 

Plants 

with 

pupana 

Dawson 

NurahtT 

100 

100 

100 

Percent 
1.0 
90 0 
92.0 

Number 
50 
89 i 
195 i 

i 

Percent 
0.0 
84 3 
91 8 

Number 
760 : 
869 
500 

Percent 

0 4 
96 9 
98 4 

Percent 

0 4 

95 2 

96 0 

Poso . 

Big Club 



1 Weighted averages. 


The Fi plants from the two crosses were not tested for fly reaction. 
An F 2 population of 160 plants of Dawson X Poso and 125 plants of 
Dawson X Big Club was grown subject to fly infestation in 1934, 
The data for both the present varieties and the crosses are shown 
in table 2 . 


Table 2. — Fly-infested plants in the parents and the F 2 generation of the crosses 
Dawson X Poso and Dawson X Big Club, when grown in the field at Birds 
Landing, Calif., in 1934 


Parent or cross 

Total 
plants ! 

Flj'-infested plants 

Dawson i 

Number 

760 

Number 

3 

Percent 

0.4 

PcffiO 

869 

842 

96 9 

Big Club 

500 

492 

98 4 

Dawson X Poso 

160 

22 

13 7 

Dawson X Big Club 

125 

23 

18.4 



As indicated previously, the genetic classification of the F 2 plants 
is based on their behavior in F 3 rows. There were 185 F 3 rows grown 
of each cross. The fly infestation was uniform throughout the nurs- 
ery, as indicated by the parent rows which were included alternately 
every eleventh row as checks. The percentages of fly infestation for 
the alternate parent checks were as follows: In the Dawson X Poso 
nursery, 99, 1, 97, 0, 100, 0, 94, 0, 95, 0, 97, 0, 99, 0, 94, 1, 97, 1, 98; 
and in the Dawson X Big Club nursery, 100 , 0 , 100 , 0 , 96, 0 , 98, 0 , 
98, 0 , 98, 0 , 96, 0 , 98, 0 , 100 , 0 , 100 . The low percentages are for 
Dawson. The data for the infestation of the Fg rows of both crosses 
are summarized in 5-percent classes in table 3, and are shown 
graphically in figure 1 . 

On the assumption of an arbitrary minimum at 77.5 percent in- 
festation, this point was used in dividing the rows into two groups, 
according to whether more or less than 77.5 percent of the pl^ts 
were infested. Since only 10 rows were grown of each susceptible 
parent, the range distribution for such rows^ is not well established. 
Therefore, if only those hybrid rows are considered susceptible which 
within the range of the susceptible parent, some errors of clas- 
sification might resmt. ^ Again, the range of susceptibility of fee rows 
of susceptible parents is based on the relation of the two postulated 
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susceptible genes to a constant reaction system of other genes. 
Since this is not the case in rows of hybrids, the range may be extended 
so that a minimum somewhat beyond the range of the susceptible 
parent may be justified. 



Fiouee 1.— Distribution of Fj rows of the crosses Dawson X Poso (solid line) and Dawson X Big Club 
(broken line) m S-peroent classes of infestation with hessian-fly puparia. 


Table 3 — Distribution of the parent and Fs rows of the wheat crosses Dawson X Poso 
and Dawson X Big Club in 5-percent classes of hessian fly inf estatioUj when grown 
in the field at Birds Landing ^ Calif, ^ in 1934 


Rows m indicated classes of fly infestation i 



26 

percent 










Parent or cross 

7.6 

12 5 

17.5 

22 5 

27.5 

32.5 

37.5 

42.5 

47.5 


0 

per- 

cent 

04- 

to 

5 per- 
1 cent 

per- 

<^nt 

per- 

cent 

per- 

cent 

per- 

cent 

per- 

cent 

per- 

cent 

per- 

cent 

per- 

cent 

per 

cent 

Dawson.; 

m. 

15 ! 

No. 

3 

No. 

No 

No 

No 

m. 

No. 

No 

No. 

No. 

Poso 











Rig Club 












Dawson X Poso. 

19 

46 

26 

22 

19 

6 

5 

8 

6 

7 

5 

Daws<m X Big Club. _ 

18 ! 

33 

24 

16 

20 

10 

13 

2 

12 

5 

7 


1 Rows in indicated classes of fly infestation ‘ j 


Parent or cxoss 

52.5 

per- 

cent 

57 5 
per- 
odOJk < 

62 5 
per- 1 
«ent . 

67.6 
per- 1 
cent 

72.5 

per- 

cent 

77.6 : 
per- ' 
cent 

82 5 
per- 
cent 

87 5 1 
par- 1 
cent 

92.5 

per- 

cent 

97 5 
per- 
cent j 

Total 

rows 

Dawson 

m. 

No. 

No. 

No, 

No, 

No. 

No. 

No. 

No. 

No, : 

No. 

38 

10 

10 

1S6 

185 

Poso 









2 

5 
10 

6 
9 

Big Club 










Dawson X Poso. 

4 

2 

0 

1 

0 

0 

1 

0 

2 

Dawson X Big Club.. 

0 

8 

1 

1 

1 

G 

2 

2 

1 


1 Percentages given are class centers. 
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The 185 Fs rows (or F 2 plants) of each of the two crosses then group 
themselves into the ratios 176:9 and 171:14 for the Dawson X Poso 
and Dawson X Big Club crosses, respectively. On the basis of a 
two-factor 15:1 theoretical genetic ratio, the numbers to be expected 
are 173.4:11.6. The actual and theoretical ratios for both crosses 
agree within the limits of the experimental error. Under the condi- 
tions of these experiments the resistance of Dawson is therefore 
interpreted as being controlled by two genetic factors. 

The interpretation of the data apphes only to the conditions under 
which the experiments were made, and no prediction can be made as 
to the behavior of the parent or hybrid material when grown under 
other conditions. The data furnish no idea as to the fundamental 
nature of resistance. The answer to that problem might be of some 
help in the breeding program, but it is not necessary for such a program . 

ONTOGENY OP THE^FLY ON SUSCEPTIBLE AND RESISTANT PLANTS 

The normal ontogeny of the hessian fly on susceptible plants may 
be briefly described as follows: The adult flies emerge from the puparia 
and mate during February and Alarch, and the females lay their eggs 
on the leaves of the growing crop. In a few days the red eggs hatch, 
and the salmon-colored young larvae crawl down between the culm 
and leaf sheath and begin to feed. After feeding for 2 to 3 weeks, 
the larvae, then glistening white, form puparia and enter a quiescent 
stage, or what is commonly called a ^'flaxseed.” During the long, 
dry summer and fall, these ^'flaxseeds” remain unchanged in the same 
stubble and straw that the young larvae had occupied while sucking 
their food from the growing stems. Late in the winter or early in the 
spring of the following year the larvae pupate, and in 2 or 3 weeks 
the adults emerge to repeat the life cycle. 

On resistant plants the life cycle is not completed. The life of the 
insect appears to be normal until the newly hatched red larvae reach 
the feeding position between the leaf sheath and culm. Shortly after 
this the larvae die. It is this fact that points to the possibility of 
producing commercial wheats that will be free from fly attack. 

SUMMAEY 

An attempt is being made in Cahfomia to breed varieties of wheat 
that will possess resistance to infestation by the hessian fly. The 
existence of resistant varieties among common wheats has been 
demonstrated by many workers, but the number of genetic factors 
involved in such resistance has not previously been conclusively shown . 

Selections from the variety Dawson are shown to be highly resistant 
to fly attack, and the varieties Poso and Big Club are very susceptible 
under Cahfomia conditions. The crosses Dawson X Poso and Dawson 
X Big Club show inheritance of resistance in the Fa generation when 
classified on their behavior in F 3 rows, in a ratio closely approximating 
the theoretical 15:1 ratio occurring when two factors are involved. 

The ontogeny of the hessian fly in relation to both resistant and 
susceptible varieties is discussed briefly. 

Under the conditions of the experiments as described in the text, 
the data for the two crosses studied indicate that resistance to the 
hessian fly in the Dawson variety is heritable and that it is controlled 
by two genetic factors. 




QUANTITATIVE DEMONSTRATION OP THE PRESENCE 
OF SPORES OF BACILLUS LARVAE IN HONEY CON- 
TAMINATED BY CONTACT WITH AMERICAN FOUL- 
BROOD ^ 

By A. P. Stuktevant ^ 

Associate apiculturisi^ Division of Bee Culture, Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture 

INTRODUCTION 

In a previous paper ^ the writer showed that it is possible to 
demonstrate the presence of spores of Bacillus larvae^ the cause of 
American foulbrood, in samples of commercial hone^^ that have had 
contact with American foulbrood in the course of their production or 
preparation for the market. Since this work was reported, 25 
adchtional samples, making a total of 212 samples of commercial 
honey, obtained on the open market from 28 States and 2 Territories 
have been examined by the same method, and spores of B. larvae 
have been found in 17, or 8 percent, of these samples.^ In most 
cases the spores were present in relatively small numbers. 

The method of examination used in the work thus far reported 
gave only a qualitative indication of the number of spores present, 
the observations being recorded as showing ^The presence of a suffi- 
cient number of spores resembling spores of B. larvae to be designated 
as positive/'^ This amounted to from one or two definite spores to 
a very few spores seen in numerous microscopic fields of each stained 
sediment examined. The primary object was to demonstrate only 
their presence or absence. It was assumed that in most cases the 
number of spores found was considerably smaller than would be 
found in honey containing numbers comparable with the observed 
minimum infective dose of 50,000,000 per hter. 

The only way of demonstrating the accuracy of th^ assumption 
has been to feed such ^ 'positive^' samples of commercial honey to 
healthy colonies of bees. This was done with 15 of the 16 samples 
in which spores were demonstrated, and only 1 sample, or 6.7 per- 
cent, was fotmd to contain sufficient infection to prodnce the disease 
in a healthy colony. These investigations indicate that tiie require- 
ment of certification of honey, as h^ been proposed and even placed 
in operation in certain States, is not a justifiable measure in the 
control^ of American foulbrood mider the present conditions of 
inspection ^d control of disease in this country. 

To permit a more accurate, quantitative study of the infectivity 
of honey that has been in contact with American foulbrood, on the 

1 BeoeJved ixx publication Jan. 27, 1936; issued June 1936. Tlife iuvestigatioii was carried on act 
the intermcaintain States labtaratory of the Division of Bee Culture, which is maintained oooperativejy 
by the University of Wyoming and the Bureau of Entomology and Plant Quarantine, tJ. S. Dep^tenent 
of Agrteoltore. 

* Actaaowiet^sneaits are due to P. R, Hall, associate prc^esswr of oommeroe, TJniversity d Wyoming, 
adviee and ssststanee In the stat^tlcal aimlysis of the data. 

* STUMBVAjrr, A. P. fiiauAnoN or commbimjeai. Hoiosy to tbx speeap or aveetoan 
Jour. Agr. Resew^ 45' 257-285, ite. 19S2. 

* Stobotvant, a. P. HOsntT or tbs nniKBMOuiriAiii b»gk>n. Gleanings Bee Colt. 4^^468, 
ms. 

« SruKTaTANT, A . P. See footnote 3. 
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basis of its spore content — that is, a detailed study of the distribution 
of spores of B. larvae in the honey from infected hives or apiaries, 
or in commercial honey obtained on the open market, or of the effect 
of mixing infected honey with disease-free honey in the course of 
production or blending and preparation for the market — a more 
detailed investigation has been made of the spore content of honey 
containi^ approximately known numbers of spores. This has been 
accompUshed by an improved and more accurate method of deter- 
mining the number of spores in such honey, and the accuracy of the 
results^ and method has been demonstrated by means of a statistical 
analysis of the data obtained. 

METHOD OF OBTAINING THE DATA 

PREPARATION OF SAMPLES OP HONEY 

A series of samples of honey containing approximately known 
numbers of spores per cubic centimeter were prepared in the manner 
described previously,® by adding to lOO-cc quantities of spore-free 
honey the necessary quantities of various dilutions of a stock suspen- 
sion of spores of Bacillus larvae containing approximately 5,000,000,000 
spores per cubic centimeter. Five samples of honey were prepared 
in this way containing approximately 1,000,000, 800,000, 500,000, 

300.000, and 50,000 spores per cubic centimeter, respectively. These 
samples, each considered as a unit and not as a dilution of the 

1.000. 000-spore sample, were heated m a water bath to 120®-'130® 
F., and then thoroughly mixed wdth a mechanical stirrer for 5 minutes. 
Duplicate 5-cc quantities of each sample were then placed in 50-cc 
conical centrifuge tubes, and 45 cc of distilled water of approximately 
the same temperature was added. When the honey and water were 
completely mixed, the samples were centrifuged at 2,000 revolutions 
per minute for 45 minutes. All but about 1 cc of the supernatant 
honey-water solution of each sample was then removed by means of 
a pipette and suction. Again approximately 45 cc of distilled water 
was added, and after thorough mixing the suspensions were centri- 
fuged for 30 minutes longer. The removal of the supernatant solu- 
tion was repeated until aU but approximately 0.1 cc^ of the water 
had been removed from each centrifuge tube, and each sample of 
sediment was completely suspended in this remaining quantity of 
water by blowing gently through a capillary pipette dipped into the 
water. Duplicate 0.01-cc quantities of each suspension were then 
transferred with the capillary pipette (calibrated to deliver 0.01 cc) 
to microscope cover glasses. Circular cover glasses, size 12, no. 1 
thickness, having an area of 1.13 cm^, proved satisfactory for this 
purpose. A small (2 to 3 mm) loopful of carbolfuchsm stain was 

( added to the dr<m of suspension on the cover glass and thoroughly 

f mixed with it. This stained liquid was then spread uniformly over 
a 1-cm® area of the cover glass, a narrow ring at the outside edge 
being left uncovered. The smears were allowed to dry in the air 
and were then mounted on microscope slides either with water or, pref- 
embly, with Canada balsam, for examinatioil under the microscope. 
These stained smears were not wa^ed in water, as this might have 
caused some spores to be lost. 

» Stubtevant, a. P. See footnote 3. 

A mart was placed on the outside of the conical centrifuge tubes to indicate the O.l^ volume. 
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The foregoing process gives a concentration of spores in the sedi- 
ment from the 5-cc samples of honey suspended in 0.1 cc of water, 
or one-fiftieth the original volume. 

METHOD OF COUNTING SPORES 

A method similar to that of Breed and Brew ® for coimting bacteria 
in milk was used for counting the spores of Bacillus larvae in these 
stained smears. This method is similar to that described in a previous 
paper ® and is represented by the formula 


Number of spores per cubic centime ter = 


KNXX 100 XD 
N 


where K is the factor for the number of circular fields per 1-cm^ area, 
N is the number of circular fields counted, X is the actual mean 
number of spores per field, 100 is the factor that gives the number of 
spores per cubic centimeter from 0.01 cc of the suspension, and D 
is the dilution. 


Table 1. — Spore counts in stained smears of the sediments resulting from the cen* 
trifugxng of duplicate 5-cc portions of jive samples of honey containing known 
numbers of spores of Bacillus larvae 


Spore counts in samples i containing the indicated number of 
spwes per cubic centimeter 


Field no. 

50,000 

300,000 

600,000 

800,000 

1,000,000 


A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

1 

2 

1 

7 

8 

14 

16 

19 

21 

24 

21 

2 

2 

2 

8 

9 

12 

12 

18 

20 

24 

29 

3 

1 

1 

8 

10 

12 

13 

24 

18 

26 

38 

4 

0 

2 

7 

5 

10 

16 

22 

18 

23 

24 

5 

2 

0 

9 

6 

10 

11 

20 

20 

30 

34 

6 

1 

3 

9 

7 

12 

13 

18 

17 

23 

29 

7-- 

0 

1 

8 

7 

16 

14 

21 

18 

28 

24 

8 

2 

1 

7 

8 

12 

13 

27 

17 

29 

21 

9 

1 

0 

8 

6 

16 

16 

19 

21 

19 

36 

10 

0 

2 

9 

12 

17 

13 

21 

20 

30 

31 

11 

1 

1 

7 

11 

14 

12 

16 

19 

25 

36 

12 

1 

3 

10 

6 

16 

12 

21 

20 

28 

26 

13 

1 

3 


5 

13 

10 

22 

22 

27 

33 

14 

2 

1 

7 

9 

18 

14 

25 

24 

25 

22 

15 

1 

0 

8 

10 

12 

13 

21 

26 

29 

28 

16 

2 

1 

8 

6 

10 

11 

20 

26 


26 

17,- - 

1 

0 

6 

9 

11 

16 

18 

28 

36 

23 

IS 

2 

0 

6 

6 

13 

14 

26 

23 

24 

28 

19 1 

0 

2 

' 7 

10 

17 

16 

24 

23 

25 

34 

20 - 

0 

1 

9 

5 

13 

18 

26 

28 

27 

30 

21 

2 

1 

10 

16 

13 

15 

16 

23 

25 

32 

22 i 

2 

3 

11 

10 

s 1 

16 

19 

18 

26 

26 

23-- 1 

1 

1 

7 

8 

18 

10 

20 

; 16 

27 

25 

24 - i 

3 

1 

6 

5 

IS 

12 

18 

22 

28 

34 

25 - 

1 

1 

7 

9 

12 

16 

21 

1 21 

! 29 

28 

26 

0 

1 

6 

7 

16 

10 

21 

i 20 

1 27 

22 

27 

1 

1 

S 

10 

10 

14 

26 

18 

34 

23 

28 

1 2 

1 

7 

8 

12 

16 

I 22 

26 

i 22 

27 

29 

2 

2 

8 

10 

11 

11 

22 

' 28 

29 

‘ 28 


2 

2 

10 

8 

12 

11 

i 25 

1 22 

1 21 

30 

Total 

38 

30 

: 233 

244 

i 393 ^ 


1 638 ' 

t 641 

791 

836 

Total for 60 fields 

7 

7 

m 


1,^ 


m 

Mean number of spores per field 

1.2833 

7.9500 

I3.2Iff7 

21 3167 

27:1000 


1 A Emd B represent duplicate potions of the samples. 


8 Beeed, R. S., and Brew, J. B. comtwsQ bagbesia by uium oy yhb T. 

Agr. Expt. Bta. Tech BnlL 31 EW., mus. 1916. 

* Stttbtbvant, A- P. See footnote 3. • . ' 
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An ocular micrometer disk, such as is used for counting bacteria in 
niiliv, was used in counting spores in the fields of the stained smears. 
The area of the circle etched on this disk was found to be 0.00006082 
cm^ when used in a binocular microscope with 15 X paired eyepieces 
and a 1 .S-mm oil-immersion objective. Therefore, the factor K became 
16,441.96. 

The spores in 30 fields from each of the duplicate smears were 
counted, making a total of 60 fields {N) for each honey-spore sample. 
The fields were counted at random from various parts of the smear. 
From these coxmts the actual mean number of spores per field re- 
covered in 60 fields for each honey-spore sample was determined 
(table 1). 

Substituting the values for K and N and 0.02 (1/50) for I>, the 
spore dilution in the foregoing formula gives 

Number of spores per cubic centimeter 


16,442 X 60ZX 100 X 0.02 
60 


32,SS4X 


COMPUTATION OF THEORETICAL MEAN NUMBER OF SPORES PER FIELD 

The theoretical mean numbers of spores per field that should be 
recovered from each of five honey-spore samples used, under ideal 
conditions where there is no loss of spores during the process, were 
calculated by the foregoing formula, which for this purpose may be 
stated as follows: 

Number of spores per cubic centimeter 
32,884 

X now designates the theoretical mean number of spores per field. 
In table 2 these values are given in comparison with the corresponding 
actual mean number of spores per field for each honey-spore sample. 


Table 2. — Relation between the actual and the theoretical mean numbers of spores of 
Bacillm larvae per field recovered from five samples of honey containing known 
numbers of spores per cubic centimeter 


SpoiM per cubic centimeter in sample (number) 

1 

Kean spores per field 

Ratio of 
actual mean 
to theoret- 
ical mean 

Theoretical 

Actual 

i 

Standard 

deviation 

1 

1,00(M»0 

Number 

30.4100 

213279 

15.2050 

9. 1230 
1.5205 

Number i 

27. lOOOrfcO.3564 
21.3167rfc .2751 
13.2167± ,2011 
7.9600± .1708 
1.2833d= ,0747 

Number 
4.0812 
3. 1596 
2.3100 
1.9616 
.8682 

Percent 

89. 12 
87.62 
86 92 

1 87 14 

84.40 

800,000 

500,000 

300,000 

50,000 



RESULTS OBTAINED BY USE OF THE METHOD 

By the method used, the actual mean number of spores per field 
obtained by counting 60 fields from each honey-spore sample differed 
from the calculated theoretical mean number of spor^ per field by 
10.88 percent for the honey containing 1,000,000 spores per cubic 
centimeter to 15.60 percent for the honey oontaming 50,000 spores per 
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cubic centimeter (table 2). This difference, which is relatively 
constant for each sample, may be due to the fact that some spores 
are lost during the centrifuging, but more probably to the fact that 
a certain proportion of the spores in each smear are covered up and 
not seen in the masses of stained debris always present even in honey 
of the highest quality. 

DETERMINATION OF ACCURACY OF THE METHOD 

STATISTICAL ANALYSIS OF THE DATA 

Since the data obtained for the actual mean number of spores per 
field (table 1) for each honey-spore sample, if plotted against the data 
calculated for the theoretical mean number of spores per field (table 
2), give practically a straight line having a trend sio^ar to that of 
a line plotted for the theoretical data alone, the relation between the 
theoretical means and the actual means, for the five honey-spore 
samples used, was determined by the customary statistical methods. 

The standard deviation and the probable error for the actual mean 
number of spores per field were determiued from frequency tables 
prepared from the original data (table 1) for each honey-spore 
sample used (table 2). The actual means were derived from large 
samples (60 fields each), and the calculated probable errors and 
standard deviations were shown statistically to be small. 

The coefficient of correlation between the values for the actual 
mean number and those for the theoretical mean number of spores 
per field for each sample as given in table 2 was found to be 0.9999 rt 
0 . 0001 , 

The relation between the actual mean number of spores per field 
recovered from each honey-spore sample and the corresponding most 
probable values estimated from the theoretical mean number of spores 
per field for each sample was determined by use of the r^ression 
equation for the actual mean number of spores. This was found to 
be Z=0.8905X“-0.1791. Substituting the various values of the 
theoretical mean number of spores per field (table 2) for X in this 
equation gave the most prolmble estimated values for the actual mean 
number of spores per field {¥) that should have been recovered from 
each sample (table 3). These most probable estimated values were 
found to be in excellent agreement with the actual values obtained. 


Table 3. — Theoretical and actual mean numbers of spores per fidd and the most 
probable estimated theoretical and aetual mean numbers of spores per field 


Number of spores p®" cubic o^atimeter in 
sample 

Mean number of spores per field 

Theor^cal 

1 

Estimated 

theoretical 

Actual 

Estimated 

aotoal 


iiiii 

30.0313 

^1378 

15.0431 

9.1297 

L6443 

27.1000 
21.3107 i 
IS. 2157 1 
7.9600 1 
1.2833 : 

26l9010 

21.4860 
13.3^ 
7. 9*449 

%.im 



800,000 

600,000 

300,000 

60,000 



ChaDDOCK, R E. PRlKOPLBa AKD KBTBODS OT STAUSnCS. pp. Bostop, 

York [etc-]. 1925. 

n Oboxtok, P. E., and Oowden^ D. I. pbaciscal bosinbss STATisTiCis- p, 41©. New Ytkfe- 
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The purpose of this investigation, however, was to develop an 
equation with which, if the actual mean number of spores per field 
is obtained with sufficient accuracy, the theoretical number of spores 
per field may be estimated, thereby giving the data necessary for 
estimating the number of spores per cubic centimeter in an imknown 
sample of honey. The regression equation or the theoretical mean 
number of spores per field can be used for this purpose, and was found 
to be X=1.1228F+0.2034. Substituting for Tin this equation, the 
various values of the actual mean number of spores per field, as 
obtained in table 1, gave the most probable estimated values for the 
theoretical mean number of spores per field that should be obtained 
from the actual counts for each honey-spore sample (table 3). By 
this method of estimation these values were found to agree closely 
with the original calculated values for the theoretical mean number 
of spores per field for each honey-spore sample (table 2). 

DETERMINATION OF PERMISSIBLE LIMITS OF ERROR 

The analysis of the data so far indicates the accuracy of the method 
outlined above for determining the most probable actual mean spore 
count per field from the mean of 60 fields coimted. yariations in the 
counts may occur in individual samples, however, owing to the failure 
to recover aU the spores, as stated previously.^ 

The permissible limits of error in the statistical analysis of such 
cases are customarily determined by use of the standard error of 
estimate. This, for the most probable estimated actual means 
derived from the theoretical means, was found to be small, ±0.1298 
spore, and indicates the closeness with which new estimated values 
may be expected to approximate the true but unknown values. Since 
two of the five actual means fall within ±0.1298 spore of the esti- 
mated actual means while the other three are onlj^ from 0.11 to 0.26 
percent outside this zone, within which approximately two-thirds 
of the observations may be expected to fall in relation to the most 
probable values, a sufficient accuracy for the method is indicated. 

The standard error of estimate for the most probable theoretical 
means derived from the actual means (which were found to agree 
closely with the estimated actual means) was found to be ±0.1458 
spore. As is to be expected in this case, again two of the oiiginal 
theoretical means fall within the zone of ±0.1458 spore while the 
other three are only from 0.11 to 0,25 percent outside this zone. 
However, since ±3 times the standard error of estimate, which should 
include 99.7 percent of all observations, is used customarily in dehn- 
eating the largest error to which statistical analyses of this type are 
subject, it is found that all the theoretical means fall well within this 
zone, or within ±0.4374 spore. This indicate the probable accuracy 
of estimating the number of spores per cubic centimetei' in an unknown 
sample by calculating the most probable theoretical number of spores 
per field from the actual mean number counted. 

FEAGTICAL APPLICATION OF THE METHOD 

In a previous paper it was shown that during observations oover- 
ing 5 years no oases of American foulbrood developed in 19 ccdonies 
of bees fed less than approximately 50,0(M),000 spores of B^^dUus 

SruETSTANT, A. P. See table 1 refieraoce in fbotiK>to S. 
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larvae in 1 liter of sugar sirup, or less than 50,000 spores per cubic 
centimeter. Of 11 colonies fed 50,000 spores per cubic centimeter, 2 
developed disease and 9 remained healthy; of 6 colonies fed 75,000 
per cubic centimeter, 3 developed positive disease and 1 probable 
disease, and 2 remained healthy; of 6 colordes fed 100,000 per cubic 
centimeter, 2 were positive, 1 probable, and 3 remained healthy; of 
4 colonies fed 200^000 spores per cubic centimeter, 3 were positive 
and 1 probable. Thus it was assumed that 50,000 spores per cubic 
centimeter of sirup could be considered^ the critical^ number or 
minimum infectious dose of spores that will produce disease, when 
1 liter is used as the unit volume to be fed. 

Since the foregoing analysis of the data indicates, by the method of 
estimating used, that the actual mean number of spores per field falls 
well withm the limits of permissible error for the estimated actual 
means (dz3 times the standard error of estimate), the most probable 
value for such a mean for use in determining the number of spores per 
cubic centimeter of an unknown sample is the actual mean number of 
spores per field determined by counting 30 fields each from stained 
smears from two centrifuged sediments of this^ample. If the formula 
X=1.1228Y+0.20M is used to estimate X, the most probable 
theoretical number of spores that should have been recovered, when 
Y represents the actual mean number of spores per field, and if this 
value is then multiplied by 32,884, the most probable number of 
spores per cubic centimeter in t^ unknown sample can be calculated. 
Appl3dng the limits of error for X,±3 tiioaes the standard error of esti- 
mate, or ±0.4374 spore, and cariying it through into the second for- 
mula win give the possible range in which the number of spores per 
cubic centimeter rmght faU withm the precision of the method. 

Further work is in progress to determine whether the same accuracy 
will be obtained by counting a smaller number of fields to obtain the 
mean number of spores per field from a larger number of smears from 
sediments. 

Since in the experimental work the samples of known spore content 
contained approximately round numbers of spores — ^multiples of 
50,000 — ^it probably would be sufficiently accurate to designate the 
number of spores as the nearest multiple of 50,000 to the actual figures 
derived from the formulas. When using the limits of error 0± 0.4374 
spore per field, for the estimated mean number of spores per field, it 
be found that for numbers below 100,000 there will be some 
overlapping between 10,000-spore increments, and the value will 
have to be expressed approximately (for example, the honey contains 
between 40,000 and 60,000 spores per cubic centimeter) ; neverthiess 
the honey can still be designated either as dangerous or as not 
dangerous. 

SUMMARY 


Previous work on the qualitative demonstration of the presence or 
al^nce of spores of Bacillus larme in honey that has been in contact 
American foulbrood has been foflowed by the development of a 
quantitative method for determining the ^proxiiaate number of 
spores per cubic centimeter in such honey. The method is represented 
by the formula 


Number of spores per cubic centimeter- 


KNXximxH 
N ^ 
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where K is the factor for the number of circular fields per l-cm^ area, 
N is the number of circular fields counted, X is the actual mean num- 
ber of spores per field, 100 is the factor that gives the number of spores 
per cubic centimeter from 0.01 cc of the suspension, and D is the dilu- 
tion. The mean number of spores of Bacillus lartae per field counted 
in 60 fields of stained smears made from the sediments obtained 
by cent^u^g 5-cc quantities of honey containing approximately 
known nurnbers of spores have been determined by t^ method. 

The mean actual spore count per field was determined for a series 
of samples of honey prepared to contain approximately 1,000,000, 
800,000, 500,000, 300,000, and 50,000 spores per cubic centimeter. 
The mean theoretical spore count per field that should have been 
recovered was determined by use of the formula 

^ Number of spores per cubic centimeter 
32,884 

The actual mean numbers of spores per field were similar in trend 
to the calculated theoretical means but were from 10.88 to 15.60 per- 
cent smaller. A statistical analysis of the data to determine the 
accuracy of the method showed that the calculated probable errors 
and standard deviations were small. The coefficient of correlation 
between the actual and the theoretical mean number of spores per 
field for each sample was found to be 0.9999 ±0.0001. 

_The relation between the actual mean number of spores per field 
(Y) and the corresponding most probable values that should have been 
recovered, estimated from the theoretical mean number of spores per 
jMd (X)f was determined by means of the regression equation 
F=0.8905X— 0.1791. These most probable estimated values were 
found to be in excellent agreement with the actual values obtained, 
well within the customary limits of ±3 times the standard error of 
estimate, which was found to be ±0.1298 spore. 

The most probable theoretical mean number of spores per field 
(X) was estimated by means of the regression equation X=l. 1228 Y+ 
0.2034. ^ These values were found to be in excellent agreement with 
the onginad calculated values for the theoretical mean, well within ± 3 
times me standard error of estimate, ±0.1458 spore. 

The statistical analysis of the data therefore indicates that the 
method used is sufficiently accurate for determining the spore content 
of unknown samples of honey. For this purpose the following formulas 
are used: 

1 .1228F±0.2034 ± 0.4374 

where F—tho actual mean number of spores per field coxmted from 
60 fields, and 

Number of spores per cubic centimeter=32,884X 



THE TOXIC EFFECTS OF NAPHTHALENE ON BRUCHUS 
OBTECTUS AND TENEBRIO MOLITOR IN VARIOUS 
STAGES OF DEVELOPMENT* 

By Loms Pyenson, head of the entomology section of the Instituto de Pesquizas 
Agronomicas, Pernambuco, Brazil, and G. F. MacLeod, assistant professor of 
economic entomology, New York (Cornell) Agricultural Ex>periment Station 

INTRODUCTION 

Although naphthalene has been in use as an insecticide for about 50 
years, knowledge of its toxic effects is based mainly on investigations 
conducted under xmcon trolled conditions. Very little is known of the 
physiological effects of naphthalene on insects. In late years naph- 
thalene has been found useful against an increasing variety of insect 
pests, but it is probably most effective in killing or repelling insects 
found in houses, greenhouses, stored products, and in the soil. 

The period of exposure necessary to kill the immature forms of the 
Japanese beetle in a saturated atmosphere of naphthalene depends on 
the temperature (Fleming and Baker (5)).^ It ranges from 12 hours 
at 80° F. to 120 hours at 50°. The relative humidity of the atmos- 
phere also influences insecticidal action on the larvae, mortality in- 
creasing with an increase in relative humidity. 

Herrick and Griswold (5) found that naphthalene inhibited the 
development of the ^gs of clothes moths, no eggs hatching after an 
exposure of 14 days in an enclosed space at room temperatures. 
Hartzell and Wilcoxin (4) observed that naphthalene was toxic to 
the eggs of the red spider mite. Read (8) showed by laboratory ex- 
periments that at least 8 hours’ exposure of red spider mite eggs to a 
saturated atmosphere was reqxiired to prevent hatching. A study of 
the comparative r^istance of the larva, protonymph, deuton5anph, 
and adult female to naphthalene vapor showed that there was a slight 
increase in resistance as the stages advanced from laiwa to admt. 
Fleming and Baker (8) found the resistance of immature stages of 
the Japanese beetle to increase in the following order: (1) larvae, (2) 
(3) pupae. It was observed by Mercier (7) that, when the 
pupae of the fly CaUiphora erythrocephcda Meig. had been exposed to 
naphthalene vapor, some of the first-generation descendants of the 
treated flies show^ malformations, but in the second generation 
these malformations did not appear. Shull, Riley, and Richardson 
(10) found that naphthalene produced no apparent effects on the 
coagulation of the blood nor on the appearance of the blood cells in 
the oriental cockroach (BlaMa orienktlis L.): Fleming and Baker (8) 
observed that eggs and larvae of the Japanese beetie exposed to 
naphthalene vapor became reddish in color, the intensity of the color 
depending on the period of exposure. The vapor appeared to have a 
paraly2dng effect on the larvae of the Japanese beetle, Toscano 
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Eico (11) also observed the paralyzing effect of naphthalene vapor on 
the parasitic roundworm (Ascaris lumbricoides L.)* This paralysis 
was followed by death. 

In view of the more extended use which might be made of naphtha- 
lene in the future, a clearer knowledge of the toxic effects of this ma- 
terial would be of much value to entomologists. For this reason 
investigations on the toxicity of naphthalene to various stages of the 
bean weevil and yellow mealworm have been conducted under con- 
trolled conditions, and the findings are here presented. 

METHODS 

The apparatus used in the experiments was a modification of that, 
used by Lehman (6). Humidity was controlled by passing air 
through saturated solutions of sodium chloride to give the air stream 
a relative humidity of approximately 70 percent. The apparatus 
was placed in a chamber the temperature of which was held constant 
at 25^ C. by the use of a bimetallic thermoregulator with a resistance 
unit as a source of heat. In aU experiments air was passed through 
this apparatus at the rate of 14 liters per hour. To determine whether 
saturation of the air was obtained, U -tubes containing naphthalene 
were weighed and placed in the system and then rewe^hed after the 
air had passed through them for a definite length of time. The loss 
in weight of the U-tubes was the amount of naphthalene taken up by 
the air. The amount volatilizing in a definite volume of air checked 
closely with the calculations for the amounts of naphthalene in a 
saturated atmosphere published by Roark and Nelson (9). 

Before the beginning of each experiment air was passed over the 
naphthalene for about one-half hour. The insects were then placed 
in the flasks and allowed to remain there the desired length of time 
in contact with a constant stream of air saturated with naphthalene. 
Flasks containing control insects were similarly treated except that 
they were not exposed to naphthalene vapor. At the conclusion of 
each experiment the insects were removed and placed in a rearing 
chamber at a constant temperature and humidity. All insects in their 
various stag^ before and after treatment were kept in the constant- 
temperature chamber at 25° C. with a relative humidity of approxi- 
mately 60 percent. 

Bean weevils (Bruohus ohtectus Say) were reared on red kidney 
beans at a temperature of 25° C. and relative humidity of 60 percent. 
The cultures were started at weekly intervals so that a new batch of 
adults might emerge every week. 

Larvae of the yellow mealworm (Tenehrio molitor L.) were reared 
on a dry, complete dog food in the form of a meal, while the adults 
were fed once a week on dog biscuits, canned dog food, and banana 
skins. The cultures were kept at a constant temperature of 27.5° C. 
and relative humidity of 70 percent. 

EFFECTS OF NAPHTHALENE ON EGGS OF THE BEAN WEEVIL 
AND YELLOW MEALWORM 

A series of experiments was imdertaken to determine the toxicity 
of naphthalene vapor to the ^gs of insects. An attempt was made 
to determine whetiier the toxicity varied with the age of the ^gs and 
whether any general physiological effects were produced. 
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Bean weevil and yellow mealworra eggs, none of whicli were over 
1 day old, were exposed to naphthalene vapor for varying periods of 
time. The percentage of eggs hatching in the checks was very 
constant, averaging 90 percent or more (t^able 1). Naphthalene was 
toxic to the eggs, the number which failed to hatch varying directly 
with the period of exposure to the vapor. The large mealworm eggs 
were affected much more readily when not more than 1 day old than 
were the small eggs of the bean weevil of the same age. Approxi- 
mately the same lethal effects were obtained with eggs of the meal- 
worm with only one-half the length of exposure given the bean-weevil 
eggs. 

Table 1. — Toxicity of naphthalene ^ to eggs of the bean weevil and the yellow meal- 
worm at different time exposures 


BEAN-WEEVIL EGGS 0 TO 1 DAY OLD 



Cheek 

Treated 

Exposure 

Trials 





Total eggs 

Hatched 

Total eggs 

Hatched 



Hours 

Number 

Number 

Percent 

Number 

Percent 

1 

3 

360 

98 

1,006 

87 

2 

3 

400 

91 

1,000 

2,300 

80 

3 

9 

1,000 

93 

45 

4 

4 

600 

91 

1,200 

14 

5 

4 

500 

92 

1,300 

6 

6 

4 

400 

95 

1,200 

.4 

MEALWORM EGGS 0 TO 1 DAY OLD 


2 

200 

90 

600 

86 

1 

3 

300 

89 

700 

72 

IH 

3 

300 

89 

800 

48 

2 

3 

300 

91 

1,000 

25 

2^ 

3 

300 

86 

900 

8 

3 

5 

456 

91 

735 

1 


I Naphthalene-saturated air stream at 25® G.; relative humidity, 70 percent. 

To determine the relation between the stage of development of 
an insect ^g and its sxisceptibility to the vapor of naphthalene, ^gs 
of both the^ean weevil and the mealworm were exposed for 3-hour 
periods at different ages (table 2). A minimum of 500 e^s was used 
at each stage of devdopment and several replicates and checks were 
nm with each ei^eriment. The percentage of bean-weevil eggs 
killed increased with age imtil the eggs were 4 to 5 days old, when 
the peak was reached. From that time on toxicity decreas^ and 
when the eggs were ready to hatch (6 to 7 days old) v^y few were 
killed. The reaction of mealworm eggs to naphthsiene vapor was 
almost the reverse of that of the bean-weevil eggs. The gas was most 
lethal to ^gs 1 day old, with a sudden decrease in toxicity thereafter 
and a slight increase just before hatching (7 to 8 days old). Newly 
emerged larvae showed ^eater resistance lhan did the eggs to 
vapors of naphthalene. These results indicate that the age or sta^ 
of development of an insect influences its susceptibility to najh* 
thal^e. 
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Table 2 . — -Age and -percentage daily loss in weight of bean weevil and yellow meal- 
worm eggs in relation to the toxicity of naphthalene vapors 


I Age of 

1 eggs 

' Eggs dead after 
3-hour exposure 

Dally loss in 
weight of un- 
treated nor- 
mal eggs 

Age of 
eggs 

Eggs dead after 
3-hour exposure 

Daily loss in 
weight of un- 
treated nor- 
mal eggs 

Bean 

weevil 

[ Meal- 
worm 

1 

Bean 

weevil 

Meal- 

worm 

Bean 

weevil 

Meal- 

worm 

Bean 

weevil 

! Meal- 
worm 

Days \ 

0 to 1 

1 to 2 

2 to 3 

3 to 4 

4 to 5 

Percent 
55 1 

70 1 

71 1 

81 1 

90 

Percent \ 
99 

S3 

38 

12 

1 10 

i 

Percent 

2 72 

2 71 j 

2.77 ! 

3 67 

4 56 

Percent 

7.83 

2. OS 

1 51 

1. 18 

1. 18 

Pays 

5 to 6 

6 to 7 i 

7 to 8 ! 

8 to 91 

9 to 10 1 i 

Percent \ 
68 

22 

Percent 

11 

15 

23 

0 

Percent 

3 48 

Percent 

1.38 

1.68 

2.04 

1.68 

.96 


1 Larvae. 


Cotton {2) has shown that the effects of fumigants on insects can 
be correlated with their respiratory metabolism. During the course 
of their development the insect eggs which were used in these experi- 
ments continuously lost weight, presumably through the loss of water 
and carbon dioxide. Since both water and carbon dioxide are the 
end products of respiratory metabolism it is believed that the per- 
centage daily loss in weight of the eggs can be used as a relative 
measure of the rate of respiratory metabolism. 

Normal bean weevil and mealworm eggs were cleaned and weighed 
on a chemical balance and then placed in closed containers over a 
saturated solution of ammonium nitrate (60 percent relative humidity) 
at a temperature of 25° C. The eggs were weighed at 24-hour inter- 
vals irntn they hatched, and the percentage of daily loss in weight 
obtained (table 2). The data indicate that there is a definite rela- 
tion between weight loss of the eggs (respiratory metabolism) and 
the lethal effects of naphthalene. A greater weight loss (respiratory 
metabolism) was associated with increased mort^ty of the eggs. 

Naphthalene vapor in sublethal dosages prolonged the develop- 
mental period of bean weevil eggs. The mean number of days re- 
quired to complete incubation for bean weevil ^gs of different ages 
which survived exposure for 3 hours to a naphthajeae^turated atmos- 
phere is shown in table 3. 

Tabue 3 . — Mean number of days required to complete incuhaiion for bean weevU 
eggs of different ages which survivm S-hour exposure to a naphthalene^saiurated 
atmosphere 


Age Of eggs 
when 
treated 

Incubation padod 

Age of eggs 
wherK 
treated 

Incubation period 

Untreated 

Treated 

Untreated 

Treated 

Beyt 


Dnya 

Pays 

Pays 

Pays 

1 1 

8.1 

9.4 

6 

7.7 

9.1 

2 

8,0 

9 2 

6 

7.8 

8.8 

3 

7.8 

9,1 

7 

&Q 

8.4 

4 

7.8 

9.6 





Exposme in early stages of development delayed hatching of those 
eggs that survived for more than a day. The grei#est delay occurred 
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when eggs were 3 to 4 clays old at about which time naphthalene was 
most toxic (table 2). When the eggs were ready to hatch (6 to 7 days 
old) the vapor delayed hatching very little. Those larvae that sur- 
vived 3-hour exposure to naphthalene were apparently uninjured. 
The incubation period of the eggs of the mealworm was not signifi- 
cantly affected by the naphthalene treatment- However, the treated 
eggs, previously creamy white in color, assumed a pink or reddish- 
brown shade, this color being more prominent in the eggs which had 
been exposed for the longest period. An examination of the newly 
emerged larvae from such eggs indicated that this discoloration 
occurred in the large mid-intestine. No discoloration was observed 
in other parts of the body as Fleming and Baker (S) had found in 
larvae of the Japanese beetle. The larvae appeared normal in all 
other respects and the colored matter disappeared after a few days. 

EFFECTS OF NAPHTHALENE ON ADVANCED STAGES OF THE 
YELLOW MEALWORM AND ADULTS OF OTHER SPECIES 

Previous data (table 2) showed that after the mealworm eggs had 
hatched, there vras a decided increase in the resistance of the larvae 
to the lethal effects of naphthalene vapor. Since considerable 
variation in size was noted among larvae of the same age in the stock 
cultures, treatments were made with different sized larvae of the 
same age to determine whether the toxicity of naphthalene vapor 
was related to the size of the larvae. Larvae of different ages but of 
the same size were also treated to see whether the age of the larvae 
affected their susceptibility to naphthalene vapor. After treatment 
larvae were placed in the constant temperature and humidity cabinet 
for 48 hours, when the numbers of living and dead insects were 
recorded. The data (table 4) show that both weight and age influ- 
enced larval susceptibility to naphthalene. Sublethal exposures to 
naphthalene vapor of the newly emerged larvae of the mealworm did 
not affect subsequent growth as measured by gain in weight. 

Table 4. — Comparative toxicity of naphthalerie to varioiis stages of the yeUow 
mealmorm with special reference to size and age of larvae 

16-HOUB EXPOSURES 


St^e 

Age 

Treated 

Weight 
: (average) 

! Weight lose 
i (24 horns) 

i Deed 



Nutaber 


Percent 

P&reem 


f2 days 

60 

a 47 

\ 

1 106 


l month 

60 

,77 

1 

' 98 


2 months— - 

: 60 

1 63 


86 


do 

26 

8,37 


32 


3 months 

1 25 

4.86 


66 


do 

1 2S 

11.32 


48 


do.-- 

! 25 

13.47 

2.70 

n 


-—do 

I 26 

2a 32 

2.12 

}« 


4 months 

25 

6.40 

2.71 

48 



[ 26 ! 

36.60 


4 

24-HO0E EXPOSURES 

Uarvae - 

1 

Poll grown—.- 

60 

1^76 

6.28 i 

' ^ 

Prefsapaa-, 


SO 


2L96 

61 


(0 to 2 days 




38 

Pupae 

to 8 da^ 

60 1 



0 


|8 to 10 days 

36 ' 


Llfl 

88 .^ 

Aaalts- 


36 


' 1 
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Full-grown larv^ae, prepupae, pupae, and adults w^ere exposed to 
naphthalene vapor for a period of 24 hours (table 4). Forty-eight 
hours after exposure the larvae and adults were examined and the 
number of dead recorded. Those unable to crawl were considered as 
dead. The pupae and prepupae which survived treatments were 
allowed to develop into adults; those that developed into abnormal 
adults (undeveloped elytra and pupal abdomens) were recorded as 
dead. Full-grown larvae were the most resistant to lethal effects 
of naphthalene vapor and adults were the least resistant. The 
prepupae showed marked susceptibihty to the vapor, whereas the 
pupae showed marked resistance until a few days before emerging 
as adults, when their susceptibility increased greatly. It is interest- 
ing to note that the stages which lost the greatest weight in 24 hours 

were the ones to 
which naphthalene 
was the most toxic. 
About 48 hours after 
treatment the af- 
fected pupae began to 
turn dark until they 
became chocolate 
colored, failed to re- 
spond when touched, 
and finally died. The 
reaction to naphtha- 
lene vapor was very 
gradual and the nerv- 
ous and muscular sys- 
tems were not the first 
tissues to be affected. 

Adults emerging 
from pupae sub- 
jected to sublethal dosages produced ^gs which were not signifi- 
cantly different in number or fertility from the checks, A 6-hour 
treatment of adult mealworms had no effect on the fertility of eggs 
which surviving individuals laid^ but it had a decid^ effect on the 
number (Control specun^as produced S*4 eggs per day per 

female, whEe in the treated lot 1,8 e^s per day per fen^dc were 
obtained. 

For ptitr|H^6s of comparison several species of adult iissects and 
cJoseiy idiated oi^nisms were exposed to naphthaleaae vapors for 
varying periods oiTtime and examined 48 hours after treatment. The 
thne required to kill approximately 100 percent of the insects is shown 
in iGlgure 1. Diptera were the most susceptible to naphthalene and 
Coleoptera the least susceptible of the insects used ; in general it 
appeared that the most active insects were the most susceptible. 

EFFECTS OF NAPHTHALENE INJECTIONS ON YELLOW 
MEALWORM PUPAE 

It was thou^t that the injection of naphthalene into insects might 
yield some added information concerning i$s toxicity. Mealworm 
pupae were selected for this experiment bexamse they were uniform 
in size (weight) and were easily handled. 


i 1 1 i 

BRUCHUS OBTECTUS 

■ _ 

I TENEBRIO MOLITOR 
I TRIBOLIUM CONFUSUM 
' ~ I SOWBUGS 

I MENOPON BISERIATUM 
iMiLUPEDES 
m DROSOPHILA 
□muscima STABULANS 

EZ t 1 \ I - ■ J 

O 10 20 30 40 

HOURS 

FiGTJfts 1 .— The period of exposure required to till approximatfely 100 
percent of the species indicated. 
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Olive oil was used as a solvent for naphthalene since injection tests 
with ohve oil alone had shown it to be nontoxic to the pupae when 
injected in much larger amounts than those used with naphthalene. 
The injection apparatus "was similar to that used by Campbell (1). 
For making injections a rubber tube 8 cm long was attached to the 
pipette and a screw clamp was attached about 2 cm from the other 
end. The pipette was filled by suction and the screw clamp tight- 
ened. The pupae were held ventral aspect upward and the point 


of the glass needle was 
inserted near the lat- 
eral margin between 
the fourth and fifth 
abdominal segments. 
The point was directed 
cephalad for a distance 
of about 3 mm parallel 
to the longitudinal 
axes of the pupae. 
Pressure was then ap- 
plied to the rubber 
tube by the thumb 
and forefinger which 
drove the solution in- 
to the pupae. The 
bore of the needle was 
too small for any blood 
to enter and the capil- 



DAYS 


lary attraction of the Figuee 2 — The relation between the concentration of naphthalene m- 
small bore prevented J« 2 ted mto me^worm pupae, the rate of kill, and the total percentage 

the solution from be- ^ 


ing sucked back when the pressure was released on the rubber tube. 
After every one or two injections the screw clamp was loosened to 
release the tension on the liquid in the capillaiy and then tightened 
agaia. The injected pupae were then placed in the constant- tem- 
perature cabinet for observation. 

Most of the injections were made without visible loss of blood. 
Pupae up to 2 days of were used in all the injection experiments. 
Those that developed into abnormal adults were considered dead. 
Thirty pupae were used in each experiment. In the check, injected 
with olive oil alone, 10 percent failed to develop into normal adults. 
Figure 2 shows the relation between the concentration of naphthalene 
injected, the death rate, and the percentage of pupae ultimately killed. 

The same toxic symptoms appeared in injected pupae as in pupae 
that were exposed for 24 hours to naphthalene vapor. Within a few 
days, the tune depending upon the amount of material injected, the 
pupae began to turn dark but still responded to touch by wrig^ing. 
They lost all power of movement and were called dead when they 
finally became chocolate-colored. Examination of the body contend 
showed discolored plasma, fat, and muscles. AH the ti^ues appeared 
to be undergoing disintegration. Naphthalene injected into the pu|>ae 
did not produce materially different effects from those obtained with 


vapors. 

From these injection experiments it seems that naphthaleaue vapor 
to be effective must be absorbed by the body ti^ues; that it fe a 




712 


Journal oj Agricultural Research 


Vol 52, no 9 


slow-acting poison to the pupae of the mealworm; and that it affects 
other tissues before it affects the nervous or muscular systems. The 
fat bodies were probably the first tissues to be affected since they 
appeared to be partly disintegrated and discolored in treated larvae 
and pupae. 

SUMMARY AND CONCLUSIONS 

A study of the toxicity of naphthalene to the bean weevil {Bruchus 
obtectus Say) and the yellow mealworm (Tenebrio molitor L.) in their 
various stages of development is reported. 

Experiments vnth the eggs of the bean weevil and the mealworm 
showed that toxicity varied vith the age of the eggs. It was found 
that the rate of respiratory metabolism of the eggs measured by the 
percentage daily loss in weight was directly related to lethal dosages 
of naphthalene. An increased loss in weight was associated with a 
greater toxicity of naphthalene to the eggs. The development of 
bean weevil eggs was noticeably retarded by sublethal exposure to 
naphthalene vapor. The developmental rate of mealworm eggs was 
not significantly affected by sublethal exposures to naphthalene* 
Eggs and very young larvae of the mealw^orm when fumigated with 
naphthalene turned reddish brown, the color intensity varying directly 
with the period of exposure. 

Experiments with larvae of the mealworm showed that the toxicity 
of naphthalene decreased wdth increased age and weight of the larvae. 
Sublethal exposures of mealwmrm eggs or young larvae to naphthalene 
did not affect subsequent growth. 

Resistance to naphthalene varied greatly between instars of the 
more advanced stages of the mealworm. The order of susceptibility 
of all the stages of the mealwortn to naphthalene from least to great- 
est resistance was: (1) Eggs, (2) yoxmg larvae, (3) adults, (4) pre- 
pupae, (5) pupae, (6) mature larvae. Increased respiratory metab- 
olism as measured by percentage daily loss in weight appeared to be 
related to increased toxicity of naphthalene with the different stages 
of the mealworm. 

In experiments with several species of adult insects and closely 
related organisins Diptera were most susceptible to naphthalene while 
Coleoptera were most resistant. 

Injections of olive-oil solutions of naphthalene into laieaiworm 
pupae produced the same toxic effects as when the pupae were 
exposed to naphthalene vapor. Naphthalene was a sJow-aethag 
poison to the pupae even when injected into the body. The nervous 
and muscular systems were not the first tii^ues to be affected, as 
by the wriggling movements of darkened, dying pupae when 
touched. Fat bodies were probably the first tissues to be affected 
since they appeared to be partly disintegrated and discolored in 
treated larvae and pupae. 
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SOME ENVIRONMENTAL FACTORS INFLUENCING THE 
DEVELOPMENT OF HAIRY ROOT ON APPLE ^ 

By A. J. Riker, professor of plant pathology^ D. H. Palmitee, research assistant. 

and E. M. Hildebrand, formerly research assistant, Wisconsin Agricultural 

Experiment Station 

INTRODUCTION 

The influence of certain environnaental factors on the development 
of hairy root has been studied under partially controlled conditions. 
The need for such studies was indicated in a report by Riker and 
Hildebrand - on the seasonal development of hairy root on nursery 
apple trees grown from piece-root grafts. Various factors for infec- 
tion and the development of disease appeared to be less favorable 
either at the beginning or at the end of the season than at midseason. 
Consequently, it appeared desirable to examine the relative impor- 
tance of various soil temperatures and moistures when other factois 
were similar. Correlated with this work the effect of temperature 
on the growth of the causal organism, Phytomonas rhizogems R. B. 
W. K. and S., was determined. 

The objects of the present study were to measure the influence 

(1) of various soil temperatures on the development of hairy root, 

(2) of various soil moistures on the development of hairy root, and 

(3) of temperature on the causal organism. 

MATERIALS AND METHODS 

The host plants in these studies were 1-year-old root-grafted 
Fameuse apple trees, growm in southern nurseries and selected for 
uniformity. The trees varied in caliper from five-sixteenths to 
three-eighths of an inch and in height from 3 to 4 feet from the 
graft union. Before they were planted the roots were trimmed 
until they would fit into the containers used, and the tops were cut 
off at approximately 2 feet from the crown. As the trees grew, no 
more than two shoots were permitted to develop. 

The experiments were all conducted in the gi*eenhouse during the 
late winter and early spring months. This was the only time of 
the year when dormant trees could be planted and handled satisfac- 
torily over a sufficient period of time at the desired soil temperatures. 

The containers in which the trees were grown were cylindrical 
galvanized-iron cans 8 inches in diameter and 16 inches high. Two 
trees were planted in each can. 

The son moisture was regulated in the usual way by adding water 
until the lost weight was restored. The water was added both at 
the surf^e and through perforated aluminum tubes placed vertically 
in the middle of the cans. The sandy loam employed had a moisture- 
holding capacity approximating 40 percent of its dry wei^t. The 

» Eooeived for pablication I>©e. 16, 1936; issued Juiie 1938. This woric was correiaied vritb a project 
onrried on cooM^tiYely between the Bureau of Plant Industry, TJ. S. Beparjaneat of AgricaJture, aisd She 
Uniwersity ofwfecoasin. It was sapp<M*ted la part by a grant from the specifd reseaim fond of the Uni- 
wai^ty of Wlsoonslii. See legend fig. 1. 
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determinations were all made in percentages of the moisture-holding 
capacity of the soil. The various trials on soil moisture were made 
in a greenhouse where the temperature averaged about 24^ C. 

The soil temperature was regulated by placing the cans in Wiscon- 
sin soil-temperature tanlcs and adjusting the temperature of the 
water. The temperatures in the soil employed were 12^, 16^^, 20^, 
24°, 28°, and 32° C. The surface of the soil in every case was covered 
with an inch of ground cork to lessen evaporation and to maintain 
more uniform temperatures in the upper layers of soil. The soil 
moisture in the temperature series was 80 percent of the moisture- 
holding capacity of the soil in 1931, but was 75 percent in the later 
three trials. The tanks employed and the general procedure, except 
as noted, were similar to those used earlier by Riker.^ 

The cultures employed in these studies were the progeny of indi- 
vidual cells. Their previous history has been described by Wright 
et ah'* under the numbers C-10, C-11, and C-12. They were intro- 
duced through scalpel cuts into the scions of the young apple trees 
after they had broken dormancy. The five inoculations in each tree 
were made well below the surface of the soil. 

Three trials involving soil-temperature and soil-moistme series were 
run, respectively, during 1931, 1932, and 1933. Since diJEculty was 
experienced with the 32° C. tank in 1931, and the temperature 28° 
had previously been found suitable and 32° unsuitable for the forma- 
tion of crown gall on tomato,^ particular attention was paid to these 
two temperatures in trials during 1934. 

The numbers employed in the individual temperature trials were 
uniform. For each soil temperature during every season a single 
trial included eight cans with two trees each and five inoculations per 
tree. Thus every trial was based upon 80 inoculations. In each of 
the soil moistures employed four cans were used in 1933 and six cans 
in 1931, 1932, and 1934, 

DEVELOPMENT OF HAIRY ROOT AT VARIOUS SOIL 
TEMPERATURES AND MOISTURES 

The results of these studies were recorded in both the temperature 
and moisture series on (1) the growth in height of the host plant, (2) 
yie percentage of infection by the hairy root bacteria, and (3) the 
growth measured by weight of the hairy root at the point of inocuia- 
Son. 

The records of the different trials in 1931, 1932, and 1933 have 
been averag^ to secure the data presented. In 1931 no infection 
was secured in the 32° tank, which correspondingly lowered the final 
averages for incidence of infection and for weight of hairy root. In 
1934 three tanks containing ei^ht cans with two trees each were run 
at approximately 28° C. A similar set was run at 32°. Since these 
n^ults corroborated the data presented at these temperatures, the 
details are omitted. 

The growth of the host plant varied over the temperature range 
employed (figs, 1 and 2, A). It w^as greatest at 20° C., relatively 

* HiEEB. a. jr. studies on the influence of 30UB ENVIBONMENTAL FACTOBS ON THE DEVELOPMENT 
OF CROWN GALL. JouT. AgT. Rcsearch E2: 83-96, illus. 1926 

* Wright, W, H , Hendriceson, A. A , and Rikek, A. S . studies on the pbogbnt of arnGLE-cEix 
ISOLATIONS FROU THE HAIKY-EOOT AND CROWN-GALL ORGANISMS. JoUT. AgT. Research 41: 541-547, lUoS 
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vigorous at 16°, 24°, and 28°, and relative^ poor at 12° and 32°. 
The growth of the host plant in the different soil moistures employed 
in 1932, 1933, and 1934 appeared to be approximately the same at 
75 and 90 percent of the moisture-holding capacity, but was distinctly 
lower at 60 percent (fig. 3). The growth during 1931 in a trial with 
40 percent moisture was quite inferior. The number of successful 
inoculations and the weight of hairy roots were also less. Other 
trials in 1931 at 60- and 80-percent moisture gave results comparable 
to those at 60- and 75-percent moisture during 1932, 1933, and 1934. 



The percentage of infection by the hairy root bacteria was greatest 
at 24° and 28° C., and progressively less above and below these 
temperatures (fig. 1). The percentage of infection was slightly but 
not significantly greater at 75 percent of the moisture-holding capacity 
of the soil than at either 60 or 90 percent (fig. 3). 

The growth of hairy root (fig. 2, B) following infection, as measured 
by wet weight approximately 10 to 11 weeks after inoculation, was 
greatest at 24° and 28° C., but progressively less at higher and lower 
temperatures (fig. 1). The growth of hairy root in the moisture 
series very closely paralleled that for growth of shoots. It was 
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relatively good from 60 to 90^ percent ; being approximately the same 
at 75 and 90 percent and slightly less at 60 percent (fig. 3). The 
development of hairy root, like that of crown gall ^ seems to be 
associated with the vigor of the host growth. 



GROWTH OF HAIRY ROOT BACTERIA AT DIFFERENT 
TEMPERATURES 

The gmwth of the hairy root bacteria was studied in both solid 
at temperatures ran^g, at 4° intervals, from 4° to 
^ Needle-^mt transfers were made to plates poured 
equidistant colonies were grown 
The were grown at each temperature. 

The avera ge diameters of these colonies after 16 days were teken as 

* Riker, a. J, See footnote 3. 
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the measure of growth at the different temperatures. The trials 
were made three separate times and ail results averaged. Thus each 
point on the graph (fig. 4) represents the average diameter of 105 
colonies. 

Similar trials were made vith yeast-infusion mannite agar that had 
the following composition: Magnesium sulphate (]MgS 04 . 7 H 20 ), 
0.2 g; sodium chloride (NaCl), 0.2 g; calcium chloride (CaCl 2 ), 0.1 g; 
dibasic potassium phosphate (K2HPO4), 0.2 g; 10 percent yeast 
infusion, 100 cc; mannite, 10 g; agar, 17 g; and water to make 1 liter. 



growth as measured by wet weight. 

The reaction was adjusted to pH 7.0. The results are shown in 
figure 4. 

Similar trials were made with the yeast-infusion mannite media 
described above except that no agar was added. The amount of 
growth was measured by turbidity in relation to the McFarland ® 
nepheiometer se^e. The results appear in figure 4. 

^ese three different trials show that the largest amount of v^e- 
tative ^owth occurred at approximately 28°, although the growtli 
was relatively good between 20° and 32° C. A sli^t amount of 
growth was foimd at both 4° and 36°. 

• McFaKULNU, J, THB HKPHBUOMIETES* AN JOE SESTXMAtlKC!^ mB KFtTMBBE. BACTBEJA 

IK SUSPSKSIOK8 rSBD FOE CAUCUXATING THE OP60KK: INDEX AND FOE VACtSNKS. JODT. Am®-. MDd. AssetJ. ’ 

1176-1178, mns. ISO?, 
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DISCUSSION 

These studies assist in the interpretation of several results pre- 
viously reported by Riker and Hildebrand particularly in relation 
to the incidence of infection, incubation period, and rate of growth 
of apple trees and hairy roots. 

The percentage of infection was greatest at 24° and almost as great 
at 28° C. This is at the upper limit for vigorous growth of the trees 
and is approximately at the optimum for the growth of the bacteria. 



FwtJmi 4.— The eSect of temperattixe on the developanont of hairy root hactecia. as moasored <^> 1^ 
toarbidity in tubes of ikiuid yesst-infusion mannite media and by the average colwoy diameters <1© 
yeast-iofusioJi m&nnite and on (C) carrot-extract agars 


The smaller i^rcentage of infection at lower temperatures correlates 
with the low incidence of infection in the spring noted by Riker and 
Hildebrand when the apple grafts were inoculated at the time of 
grafting. However, these writers found that by midsummer the in- 
cidence of infection was very high. It seems likely from the symptoms 
of the hairy root observed at the lower temperatures that a much 
higher incidence of infection would have occurred if the inoculated 
t^es either had been given a longer time or had been exposed to a 
higher temperature. Perhaps a similar explanation would account 
for the variation in the percentage of infection with varying soil 

’■ Eiker, a J., and Hildebrand, E. M. See footnote 2. 




May 1 , 1936 Foctovs Iiijluencing Development of Hairy Bool on Apple 721 


moisture; i. e., the incubation period was not long enough under the 
conditions to g:iTe the maximum percentage of infection. 

The incubation periods defined and observed by Riker and Hilde- 
brand were shortest during midsummer when the temperature was 
high and the trees were growing rapidly. Thus the environmental 
conditions that favor short incubation periods appear also to favor 
the growth of hairy roots. 

The active development of hairy root was greatest at 24° and 28° C., 
temperatures at which the trees were growing \dgorously and the 
bacteria were making maximum vegetative growth. Thus it appears 
that the short incubation periods are correlated with conditions 
favorable for active growth by both host and bacteria. 

The growth of the apple shoots was relatively vigorous betvreen 16° 
and 28° C., inclusive. Although the growth of both the host and the 
bacteria was relatively vigorous at 16° and 20°, the hairy roots grew 
more actively at the higher temperatures. No reason for this is ap- 
parent. The question might be raised whether the factors for root 
stimulation are present in larger quantity m this 24° to 28° range. 
In the moisture series the growth of the hairy root appears to be 
correlated with that of the host. 

SUMMARY 

Inoculations with Phytomonas rhizogenes were made on 1-year-old 
Fameuse apple trees kept at graduated soil temperatures and soil 
moistures. The highest incidence of infection, in the time of the 
experiment, appeared at 24° to 28° C., and at 60 and 75 percent of 
the moisture-holding capacity of the soil. This probably indicated 
the shortest incubation period. The growth of the shoots in length 
was greatest at 20°, with vigorous growth between 16° and 28°. 
Their growth was also more vigorous at 75 and 90 percent soil mois- 
ture than at 60 percent. The development in weight of hairy root 
was greatest at 24° to 28°. It was good over the entire range and 
only sightly greater at 75 and 90 percent moisture than at 60 per- 
cent. The air temperature was approximately 24°. 

The growth of the hairy root bacteria was measured by colony 
diameter on yeast-infusion and carrot agar, and by turbidity in a 
yeast-infusion liquid medium, at temperatures from 4° to 36° C, 
Vegetative growth was great^t at 28°, good at 16°, 20°, 24°, and 
32°, moderate at 8° and 12°, and slight at 4° and 36°. 
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PHYSIOLOGICAL CHANGES IN THE RIND OF CALIFORNIA 
ORANGES DURING GROWTH AND STORAGE ^ 

By E. M. Harvey, physiologist, and G. L Rygg, junior pomologisi, Division of 
'^Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United 

States Department of Agriculture 

THTRODUCTION 

This paper deals with the changes that normally occur in the rind 
of Valencia and Washington Navel oranges {Citrus sinensis (L.) 
Osbeck) both while the fruit is on the tree and after it is picked and 
held in storage at various temperatures. The investigation formed 
part of a general physiological study of the rind of citrus fruits with 
particular reference to the cause or causes of certain rind pitting* and 
spotting diseases that occur in transportation and storage. 

"V^en the work was begun it was deemed desirable to place the 
greater emphasis upon the determination of the normal changes in 
the rind that occur while the fruit is on the tree. However, even at 
that time, a few collections were taken for storage study. Emphasis 
was not shifted to the determination of changes in the rind under 
various storage conditions until considerably later. Therefore, this 
paper is concerned almost entirely with the rind of Valencia and 
Washington Navel oranges in the field, and the observations on the 
effects of cold storage are to be considered preliminary. 

Although the results of this investigation allow the comparison of 
the WasbSigton Navel and Valencia orange rinds in certain aspects, it 
should be kept in mind that under the circumstances much more than 
varietal characteristics must be considered. One of the most impor- 
tant factors involved is the difference in the season of the year in wmch 
the two varieties are harvested. This phase of the investigation is 
considered in the section of this paper dealing with a comparison of 
the Washington Navel and the Valencia orange rinds. 

REVIEW OP LITERATURE 

In previous papers on oranges a preponderant amount of attention 
has b^n given to the pulp and juice. The reason for this is r^dily 
understood, but when one comes to deal with an important di^ase 
that has its seat entirely within the rind, the physiology of this tissue 
assumes a new interest. It is true that mu<h is known regarfing the 
essential oils of the rind, but relatively little is known of its other 
conatiteents, particularly in relation to their seasonal variatiems in the 
fidhi m in stor^>. 

Bigdbw and (i ) ^ observed changes in the proportion of rind 
In |in% orange during ripening, and later Copeman (5) made 
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similar observations through a period of 104 days. Both of these 
papers record a small but constant decrease in the proportion of rind 
to pulp as the season advances. Willimott and Wokes (5, 9) reported 
an extensive study of seasonal distribution of vitamins, oxidases, 
sugars, and acid in the pulp and rind of citrus fruit. Recently 
Gaddum (4) has followed the seasonal variation of the pectins in 
Valencia oranges. He found that the pectic compoimds remained 
practically constant in the albedo and pulp until after the full-ripe 
stage, when they began to decline; and that the water-soluble pectins 
increased to a maximum just previous to the beginning of the decline 
of the pectic compoimds, after which they also began to decline — a 
situation which is of interest in connection with the late-season increase 
of susceptibility to storage spot often observed, hlany other papers 
are concerned either wholly or in part with the orange rind, but most 
of the experiments reported were not designed to show seasonal 
behavior. As a guide to these works, the extensive bibHography of 
the genus Citrus compiled by Matlack ^ is recommended. 

MATERIALS AND METHODS 

The study reported herein was carried on through the orange seasons 
of 1932 and 1933 in two localities, Pomona and Corona, Calif 

Collections could not be made from the two localities on the same 
day because of the time required in the laboratory to give each the 
necessary immediate care. Usually the Corona collection was made 
1 day after the Pomona collection, but in December and January there 
was a difference of 4 days; and in both instances a rise of temperature 
occurred immediately following the collection at Pomona. As a 
result the means for the 5-day periods preceding the corresponding 
collections at Corona were several degrees higher than they would have 
been had the pickings been made the next day after the ones at Pomona. 

Collations were alwa3rs made in the early morning. Each field 
collection consisted of 50 fruits, or 10 from each of 5 selected trees, 
taken with as uniform spacing as possible. When the fruit arrived in 
the^ laboratory the rinds were removed at once and each rind was 
divided into six portions as follows: (1) Stem-end flavedo;^ (2) stem- 
end albedo, (3) equatorial flavedo, (4) equatorial albedo, (5) blossom- 
end flavedo, and (6) blossom-end rfbedo. A separation of this sort 
was ^nsidered desirable on account of the frequent locaEzation, 
esMciaHy in the Valencia orange, of pitting and spotting in more 
or specific porpom of the rmd. This arrangement^owed the 
making of four major comparisons, namely: {!) &asonal, as regards 
the rind as a whole, and both general ana seasonal of (2) a®d 
blo^om ends, (3) flavedo and albedo, and (4) fruit from the two 
I^ahties. The two equatorial portions were an^yzed exactly as were 
the stem-end and bl^som-end portions, but the data are not consid- 
ered nec^saiy for this report and are not presented, unless specifically 
mentioned. The quantities recorded for the equatorial portions are 
mmost always intermediate in value between the corresponding ones 
in the stem and blossom ends. 


U. S. Dept, Xgr., Bor. 
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Water was determined in fresh lots which were separated from the 
general macrochemical sample just previous to the preservation of 
the latter in alcohol. Two methods were employed: (1 ) The usual dry- 
ing of the tissue to constant weight and (2) the toluene method. The 
latter method, in spite of its known faults, was found to be the more 
satisfactory for the flavedo because of the error introduced by oven 
drying, due to the high volatile-oil content of this outer rind tissue. 

The general macrochemical samples consisted of 50 g fresh weight, 
and these, as just indicated, were preserved by covering them with 
95-percent alcohol and heating to 70*^ C. for 1 hour. 

Nitrogen and carbohydrates were determined by the methods 
described by Harvey (d, pp. 8,9). 

The sugars w^ere calculated as follows: (1) ^‘Reducmg sugar’% as 
glucose, from the copper equivalent to the permanganate titration 
before inversion; (2) “invert sugar”, as invert sugar, from the copper 
equivalent to the permanganate titration after inversion minus the 
permanganate titration before inversion; and (3) “total sugar”, as 
the sum of “reducing sugar” plus “invert sugar.” 

Hesperidiu was determined in the rind of the Washington Navel 
variety only. The method of analysis was as foUow'^s: Into a 300-ml 
Florence flask w^re transferred 25 ml of the extract, or soluble fraction, 
51 ml of water, and 4 ml of concentrated hydrochloric acid. This mix- 
ture was allowed to simmer for 40 minutes under a reflux condenser. 
The contents of the flask were then cooled, neutralized, and filtered. 

In the early analyses hesperidin was determined by two methods: 

(1 ) By collecting the insoluble derivative, hesperitin, on a Gooch filter, 
then drying and weighing; and (2) by determining the increased reduc- 
ing power after hydrolysis. Both methods were tested with pure 
hesperidin solutions as well as with tissue extracts. The gravimetric 
method, although satisfactop?^ otherwise, required such large samples 
(200 ml of extract) to obtain sufficient accuracy that it was finally 
abandoned in favor of the other method, that is, the determination of 
the sugars derived from hesperidin. The weight of the sugars found 
was multiplied by the factor 2.17. This is larger than the tiheoretical 
factor, but it was folind that the destruction of sugar during hydrol- 
ysis made this modification necessary. 

Hydrogen-ion determinations were made on the rind of Washington 
Navel oranges by means of a Leeds and Northrup “student” poten- 
tiometer with a quinhydrone electrode. Juice from the different 
rind portions was obtained by means of a sp^ially constructed press 
after the tissue had been frozen for 24 hours at temperatures of 
— 16° to — 20° F. Flavedo tissue readily yielded abundant juice, 
but it was often difficult to express sufficient quantities of juice from 
the amount of albedo tissue available. 

In making Ihe hydrogen-ion determination, it was found that the 
potentifid of the rind juice showed a strong tendency to drift during 
readi^. This difficulty was iarge^ oyercome by usmg a 
of quinhydrone and by diluting tine Juice to five tinw 

At this dilution the pH was approxi^tely the same 
of the undiluted juice, whereas a l^ser dEution had a tpadeSioy ^ 
give a smaller pH and a greater dilution a larger pH than 

In eaph locality five adjacent trees of Vale®m orange© worn , 

to furnish the experimental material. The trees at 
years oW and ware growing in Hanford graveJly . 
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half of each tree was irrigated every 2 weeks. At Corona the trees 
were within a year of the same age and were growing in Yolo gravelly 
loam. The whole of each tree was irrigated about every 30 days. 

From May 18 to November 14, 10 collections of fruit were made 
from each locality. The results indicated later that the first collection 
probably should have been made about May 1 or April 15 instead of 
May 18 when the fruit was already well colored. The interval 
between collections was 2 weeks except the last three intervals, which 
were approximately 30 days. In November additional lots were 
collected from each locality and stored, some at 33° and some at 53° 
F. These -were held for 7 weeks for observation and analysis. 

The Washington Navel oranges were from similarly selected trees in 
the same localities. The trees in the Pomona grove were 43 years 
old and those in the Corona grove were 30 years old. 

The intervals between collections varied with the season as follows: 
Those between collections nos. 1 and 2, and 2 and 3 were 3 weeks; 
those between nos. 3 and 4, and 4 and 5 were 4 weeks ; and the interval 
between nos. 5 and 6 was 6 weeks. 

Additional lots of fruit were collected from each locality for storage 
at 52°, 42°, and 32° F. These collections corresponded with the field 
collections of January (no, 3), March (no. 5), April (no. 6), and the 
extra Pomona field collection. 

Six regular field collections were made during a period of 140 days 
beginning November 25, 1932, and ending Apnl 13, 1933. The first 
coQection was made before the usual commercial picking time, when 
the fruit was stUl dark green, and the last was made after the regular 
picking season. From the first the Pomona fruit was somewhat 
deeper in color than the Corona fruit, and as the season advanced it 
became evident that the latter was maturing more rapidly than the 
former. By the first week in January the fruit at both locations was 
well ‘^color^.'^ One extra field collection was made at Pomona on 
May 25 to serve a control for a storage experiment that was started 
on that day. Since the last collection date at Corona coincided with 
the time of fuM bloom, the fruit was falling rea^y and showed some 
lack of fimmess. On the corresponding collection date at Pomona 
the fruit was still firm, and the trees were not in full bloom until May 
25. At the last, or extra, collection at Pomona tiie trees were blossom- 
ing and the fruit was much like i^at at Corona on the previous collec- 
tion date, 

KXPEEIMEHTAL BOULTS 

Most of Ihe expedboaental data reported her^ obtained under 
field conditions, but some were obtak^ undef csonditions of storage. 

CHAKOSS UNDER BMLD 

Sbabonai^ Changes 

The chemical data are summarized in tabk 1, which gives the 
average values of the different substances under ojbeervation. These 
aver^es were calculated from the combined result ol aS portions of 
the rind and from both localities for each collection Valencias 

each value is the averse of 24 andyses and for Washl^on Navels it 
is the average of 16 si^ar analyse,® 

« Duplicate sampleB were analysed from eeeii oi tiie two kxsaSties; witii tise V^eBeteiMs tfeore 

Washington Na^^^only four portkass sioee tlie eqo^orM ptalioafi woie w 



Table 1. — Seasonal changes in the chemical composition of orange rinds 
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Hydro- 

gen-ion 

concen- 

tration 

1 1 f 1 1 I 1 1 1 T OO C*^ C»? CO 

1 ( 1 1 1 i 1 1 1 t 70 CO CO sO 00 ^ 

. » 1 1 1 1 \ i » i 

3? 1 I 4 I 1 i 1 1 1 1 

1 1 1 < t 1 I I 1 1 

1 t 4 1 1 t 1 t ( t 

1 1 I 1 1 1 1 k i 1 

Hesper- 

idin 

Ptreent 

i65 

3. 70 

3.07 

2. 91 

2 20 

2 03 

Flavedo- 

albedo 

ratio 

1.57 

1.67 
1.59 
1.63 
1.00 

1 68 

1 77 

1.68 

1 73 

1.03 

1.04 

1 12 
1.02 
1.02 
1.02 

Water 

Percent 
72 0 
72 4 
72 0 
72 7 
72 3 

72 8 

73 2 

74 0 

74 8 
72 9 

75 9 
74 5 

72 2 

73 1 
72.4 

74 6 

Total 

nitrogen 

Percent 

0 850 
836 
.840 
.882 
.932 
.919 
.894 
.951 
.928 
.866 

In- 

soluble 

nitrogen 

Percent 

0 466 
.444 
.461 
.477 
.468 
.484 
.468 
.495 
.465 
.430 

Soluble 

nitrogen 

Percent 

0 384 
.392 
.379 
.405 
.464 
.436 
.426 
.456 
463 
.426 



Hydro- 

lyzable 

polysac- 

charides 

Percent 
13 93 

11 92 
12.96 
12,71 

12 20 
13.68 
12.43 
13 23 
11 79 
11 48 
15 35 
13. 51 

14. 22 
13 28 
12.56 
11.93 

In- 

soluble 

solids 

Percent 
41.36 
36 09 
37.89 

37.73 

36.82 

30.74 
37. 61 
39.42 
36 65 
36 27 

47.01 

42 53 

43 51 

39.83 

38.01 
37.06 

<D 

da 

00 

Pncent 
48.57 
64.36 
63.67 
62.75 
51. 62 
51.84 
51 12 

60 77 

61 98 
54.61 

52.99 
57.47 

56. 49 
60. 17 

61.99 

62 96 

o S 
^ « 

Percent 
29. 20 

31.44 
31. 43 
31.03 
29.24 
31. 14 
30.00 
28 70 
28 34 

28.45 
29.78 
34.02 

36 13 
38 10 
40.56 
41, 12 

Invert 

sugar 

Percent 

9.18 
9. 78 

10.07 

10.66 

10. 18 
11 69 
11.34 
13. 86 
10.66 

7. 71 

5.71 
6.09 

4.76 

6.68 

6. 35 
6.27 

a MS 

Percent 

20.11 

3L68 

2L86 

20.37 
19.06 
19. 45 
18.66 
16.86 
17.78 
20.74 
24.02 
27.93 

30. 37 
31 56 
34.20 
34 86 
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Water . — In such a summary of data as that given in table 1 it does 
not appear at a glance that there was really a seasonal trend of water 
content ; but on closer examination and in consideration of the number 
of analyses represented, it becomes clear that in Valencia oranges 
there was a gradual rise of water nearly to the end of the season (fig. 1). 
After that time there was a slight decrease of water, as recorded in 
the last collection. In the data from individual portions of the rinds 
(data which cannot be presented here on account of limited space) 
some considerable fluctuations of water were noted. However, all 
these larger variations seemed to be correlated chiefly with the avail- 
ability of soil moisture, although there was some correlation with 
temperature and other environmental factors, but not with the 



FiGDits 1.— Seasonal changes in mMm air tempoutiire (i^aas for 6-day periods pjoaeding oolleetions) , 
wat^ solabifl and inarfabJe solids, and hydrtdjrsabte po?ysw5charides oontoot off the rind Vakneia 
and Washington Navel oranges. 


maturity of the fruit. That is to say, the water-holding power of 
orange rinds changed only slightly with the season. The water 
eonteaat was not correlated closely with mean temperature, possibly 
because all collections were made early in the morning, w'hen the 
saturation deficit set up during the previous afternoon may have been 
mostly satisfied. 

The magnitude of this possible diurnal variation of water content 
in Valencm rinds was investigated through a period of 24 hours. 
Six collections were made during a night and day following a hot day. 
The largest diurnal difference between midaftemoon and early 
morning was about 2 ^rcent, but this value is probably not very close 
to the maadmum vaHation produced by tibe ocoaabnal severe con- 
ditions encountered in orange groves during stumhier. 

In Washington Navel oranges the water conteiiiidbowed a downward 
trend during early part of the season, bi^^wed by fluctuations 
due to immediate environmentai factors (fig. 1). 
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Soluble solids . — In Valencia oranges, as shown in figure 1, the 
soluble solids in the rinds as a whole vary almost inversely with the 
mean temperature/ There is a broad minimum during August- 
September, corresponding to the hottest weather of the season, and 
two maxima, one in Jxme and the other m October-November, the 
coolest periods. The separate portions of the rinds often showed 
greater fluctuation but in the same direction. The higher tempera- 
tures and the lower water content evidently favored the condensation 
of sugars in the riuds to insoluble polysaccharides, hence the lower 
soluble solids. In Washington Navel oranges, on the other hand, 



FiocnsE 2,— Seasonal changes in mean air temperature (means for 5 day periods preceding collections), 
redadng and invwt total nitrogen, hydrogen-ion concentration ^ and besperidin content of the 

rind of Vaifflacia and Washington Navel oranges. 


there was an increase in soluble solids and a decrease in insoluble 
solids as the season advanced. 

Hydrolyzable ^ly saccharides . — In Valencias the polysaccharides 
graph (fig. 1) shows a strong tendency to parallel the mean-tempera^ 
ture graph. When temperatures were high the polysaccharides 
were hi^, and vice versa. Individual portions of the rind showed 
this tendency more strildngiy than did the rind as a whole. In 
Washing^n navels the graph for polysaccharides practically parallels 
that for insoluble solids. 

Toifd stigar. — ^In Valencia oranges total stigar showed httle change 
through the s^son, owing to the fact that the behavior of the naduo- 
ing sugar was almost the reverse of that of invert sugar on ^ 

1 rite in«(Bir4eaaiper»tiirc grapli was ooaKirueied by tine mesm tempK-ature of gbd & #stys 

{SQoedisg ooiSscS^oe date at ottcfe iocalifey. two grapl® 
a wte texragbofa* taat of Cks!Gm& bel2% soaitewbat tUm M^ber. 
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occasions; if reducing sugar was tigh, invert sugar was low, and 
vice versa. The graph in figure 2 representing reducing sugar is 
somewhat similar to that of soluble solids (fig. 1). The invert-sugar 
graph (fig. 2), on the other hand, nearly parallels the mean-tempera- 
ture graph. 

The seasonal trend of reducing sugar is of considerable interest. 
There are two maxima and one minimum. The first maximum 
occurred at the second collection; it may have marked the end of 
the relatively rapid development of the orange toward maturity. 
As the season advanced the general level at which reducing sugar 
could be maintained (without being condensed to sucrose or other 
higher carbohydrates) became lower and lower, reaching a minimum 
during the hottest weather. This minimum perhaps marked a 
stage just previous to rapid deterioration. It was the time when 
the rind was freest from green color, and it coincided with the invert- 
sugar maximum. After this period there was an apparent reversal 
of the processes and the rinds began to “go back'^ in color, or become 
greener, particularly at the stem end. The reducing sugar increased 
and the invert sugar decreased, so that, as the temperatures dropped 
in autumn nearly to those of April or early May, the chemical picture 
within the Valencia rinds became similar in this respect to the one 
early in the season. 

In the Washington Navel variety total sugar increased continually 
through the season, largely because of the steady increase in reducing 
su^ (fig. 2), Invert sugar fluctuated apparently more under the 
influence of immediate environmental factors. The graph of invert 
sugar is somewhat the inverse of the mean-temperature graphs, 
almough there was apparently a very small increase as the season 
prt^r^ed. 

Nitrogen , — There were no large seasonal changes in the percentage 
of total nitrogen, which was determined only in the Valencia variety. 
The individual portions of the rind ddowed ntjmerous apparent 
fluctuations not only in the percentage of but also in the relations 
between soluble and insoluble nitrogen. Whether the total quantity 
of nitrogen actually changed is difficult to determine on account of 
the much greater variations of other substances. There must have 
been chang^ in the form, because, for example, the nitrogen released 
upon the decomposition of chlorophyll seemed to have remained in 
the rind; at least, the percentage of total nitrogen continued to 
increase gradually to the time of the marked decline of the rind 
in September (fig. 2). Near the end of the observation period the 
peroeutage of total nitrogen began to dimmish although the rind 


oecame greener. 

Be^peridin . — ^Hesperidin was determined only in rinds of the 
Washington Navel variety, in which it was found to diminish during 
the winter to a little more than one-half the original percentage 
(% 2 ). ^ ^ 

Hydrogm-ion com^et^ra^im—Bjdmgen'ion concentration likewise 
was determined only in the rind of the Washington Navel variety. 
It changed very Httl© during the entire period of ob^rvation al- 
though there was a very small but steady cfecrease during this period 
(fig. 2). 
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Comparison of Stem and Blossom Ends 

To make a general comparison of stem and blossom ends of tbe 
rinds, all determinations belonging to each end were brought together 
and the average values calculated (table 2). Each average repre- 
sents the albedo and fiavedo for all collections, both at Pomona and 
at Corona. Table 2 shows a striking difference between stem and 
blossom ends of the rinds of both varieties, certain phases of which 
were reported upon by Klotz and Haas (5, 7). The following dif- 
ferences are shown in table 2 and figure 3: The rind of the stem end 
exceeded that of the blossom end in percentage of w^ater, reducing 
sugar, total sugar, soluble solids, and soluble nitrogen; ® the blossom- 
end rind exceeded the stem-end rind in invert sugar, insoluble nitro- 
gen,® hydrolyzable polysaccharides, insoluble solids, crude fiber,® and 
flavedo-albedo ratio. In the Washington Navel rinds hesperidin and 
active acidity were likewise higher in the blossom end. Few excep- 
tions to these differences occurred on any collection date or in either 
locality. 

In addition, there were some very interesting seasonal variations in 
the difference between the two end rinds, particularly in the Valencia 
variety. The general summary as given in table 2 cannot disclose 
such seasonal trends; however, figure 3 shows how the difference 
between the stem and blossom ends fluctuated through the season. 
In Valencia oranges the difference in sugars tended to increase as the 
season advanced until the September 10 collection, when the maxi- 
mum divergence was reached. If the graphs for sugars in Valencia 
oranges (fig. 3) are compared with the mean-temperature graph (fig. 
1) it will be seen that the graphs are remarkably similar, indicating 
that the difference between the composition of the stem and blossom 
ends was a variable influenced by the temperature and that the higher 
the mean temperature the greater was the divergence. The graphs 
of figure 3 also show the seasonal divergence or difference between 
the two end rinds as regards insoluble solids, soluble solids, and 
hydrolyzable polysaccharides. In Valencia oranges these constitu- 
ents do not exhibit a similar close parallelism with the mean-tempera- 
ture graphs (as shown in figs. 1 and 2), but they agree in giving the 
greatest seasonal divergence for these substances as occurring at the 
September 10 collection. The seasonal-divergence graphs for water 
and nitrogens presented in figure 3 are similar to each other but 
not parallel the mean-temperature graph. On analysis of the var^ 
tions of the two rinds in respect to water it was found that in every 
case such variations were caused by the more rapid loss or the 
slower of water by the blossom end of the orange. This finding 
agrees with observations on the diurnal variations of water in Valencia 
rinds referred to on page 728, when it was noted that the blessed sisd 
showed somewhat the larger diurnal deficit. * ; 

Some^ emphasis has been placed here upon the seasonal vamtW 
of the difference between the two end rinds for the reason that if Atom 
is any significance in the many recorded differences between tfie mdB 
of y^encia rinds in relation to storage and other spotting it shouM fee 
of interest to know that the difference is strongly affects fey seasonal 
factors. 


» D^ermiued only in tbe Valencia 
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Table 2 . — A comparison of the chemical composition of orange stem-end and 

hlossom-end rinds ^ 


VALENCIA 



Reducing sugar 

Invert sugar 

Total sugar 

Soluble solids 

Portion of rmd 

Average Range 

Avere^e 

Range 

Average 

Range 

Average 

Range 

Stem end 

Blossom end 

Percent Percent 

24 59 2L 91-26 39 
15 69 11.03-19 05 

Percent 
10 30 
10 51 

Percent 

6 95-11 96 
7.98-14 05 

Percent 
34. 89 
26.20 

Percent 

33. 11-37. 24 
24. 85-28.43 

Percent 
57. 67 
60.24 

Percent 

50. 98-61. 20 
47. 62-52.80 

nf riTKi 

Insoluble solids 

Hydrolyzable 

polysaccnarides 

Soluble nitrogen 

Insoluble nitrogen 

iUl WlUii ui 1 

Average Range 

Average 

Range 

Average 

Range 

Average 

Range 

stem end 

Blossom end 

Percent Percent 

32 56 28 12-38 25 

39, 05 36. 69-42. 97 

Percent 

10.17 

14,53 

Percent 

7 20-12. 69 
11.43-17.73 

Percent 

0.439 

.401 

Percent 
0.386-0. 617 
.366- .451 

Percent 
0 432 
.496 

Percent 
0.397-0. 464 
. 476- . 530 



Total nitrogen 

Water 

Crude fiber 

Flavedo-albedo 

ratio 


Average Range 

Average 

Range 

Average Range 

Average 

Range 


Percent Percent 

Percent 

Percent 

Percent Percent 

Percent 

Percent 

Stem end 

a 871 a 801-0. 958 

76,9 

719-79 5 

22.39 20 11-27-47 

1.54 

1. 36-1. 67 

Blossom end 

.897 . 853-. 980 

68.9 

67 7-69. 8 i 

24. 52 23. 26-26. 95 

1 74 

1. 60-1 87 


WASHINGTON NAVEL 


P<Ktion of rind 

Reducing sugar 

Invert sugar 

Total sugar 

Soluble solids 

Average Range 

Average 

Range 

Average Range 

I 

Average 

Range 


Perce nf Percent 

Percent 

Percent 

Percent Percent 

Percent 

Percent 

Stem aid 

32.97 25.81-37.69 

5.89 

4.23-6.97 

38.88 31.34rA3,99 

62.11 

67 07-65. 73 

Blossom eod-, — 

38.01 22.24-33.27 

6.06 

6 ^-6.93 

34. 06 28. 13-38. 24 

55.26 

48.93-60 18 





May 16 , 1936 Physiologicol Changes in Rind of California Oranges 7SS 


CoMPABlSON OF THE FlAVEDO AND AlBEDO 

Table 3 gives a summary of all analyses arranged in such a manner 
as to allow comparison between the composition of the outer and the 



Figure 3.*— Seasonal dlflerenoes between stem and blossom ends with respect to certain constitiients of 
the rind of Valencia and Washington Navel oranges. 


inner layers of Valencia and Washington Navel orange rinds. The 
principal differences observed may be stated briefly as follows: In 
the Valencia rinds the flavedo always exceeded the albedo in wei^t 
(as indicated by the fact that the ratio always exceeded 1) and in 
nitrogenj but the al- 
bedo exceeded the 
flavedo in crude fiber. 

In both varieties the 
flavedo also had a 
higher percentage of 
reducing sugar, in- 
vert sugar, total 
sugar, and soluble 
sohds ; the albedo had 
a higher percent^e 
of insoluble solids 
and hydrolyzable 
polysaccharides. 

There was no marked 
difference in the per- 
cent^ of water. In 
the Wa^iington Navel variety the albedo was hi^er in hasperidin 
and active acidity. 

In Valenrias the ratio of flavedo to albedo was always neater ibm 

i. 4. 4.1^ ^ ^ Tr_l • • « ' 



of thia ratio seemed to be due farg^j to changes within 
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Table 3. — A comparison of the chemical composition of orange flavedo and albedo'^ 


VALENCIA 


Portion of rind 

Reducing sugar 

Invert sugar 

Total sugar 

Soluble solids 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Flavedo 

Albedo 

Percent 

19.74 

19.01 

Percent 

16 53-23. 35 
16. 16-21. 76 

Percent 
11 62 
9. 12 

Percent 
8.23-14 57 
6.69-11.44 

Percent 
31. 36 
28.13 

Percent 

29 25-34 44 
27. 87-30. 92 

Percent 

53.69 

51.44 

Percent 

48 81-56 62 
48. 22-54 21 

Portion of rind | 

Insoluble solids 

Hydrolyzable poly- 
saccharides 

Soluble nitrogen 

Insoluble nitrogen 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Flavedo- 

Albedo 

Percent 
25.80 
48 64 

Percent 

22. 93-28 43 
44. 00-52 99 

Percent 

8,12 

17.04 

Percent 

5 14-10.98 
12 78-20. 07 

Percent 

0.503 

.328 

Percent 
0.462- 691 
.270-, 384 

Percent 
0 525 
.408 

Percent 

0 496-0 533 
.358- .449 


Portion of rind 

Total nitrogen 

Water 

Crude fiber 

Flavedo-albedo 

ratio 

Aver- 

age 

1 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Flavedo 

Albedo. 

Percent 
1 028 ! 
,736 

Percent 
0.976-1 087 
.665- .832 

Percent 
72.9 I 
72.6 

Percent 

71. 7-74, 5 
71 1-75.0 

Percent 
17 68 
31.50 

Percent 

Percent \ 
1.64 i 

Percent 

1 57-1.77 






WASHINGTON NAVEL 


PortlMi cA nnd 

Reducing sugar 

i 

Invert sugar 

Total OTigar 

Soluble solids 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Range 

Aver- 

age 

Ranae 

i 

PerceniL 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Favedo 

32.85 


7. 17 

5.53-7.87 i 


32.37-44.79 

65.51 

58 96-69.71 

Albedo., i 

] 

28.09 

1 22.39-32.35 i 

4.78 


1 S2.86 1 

26.83-37 43 

51.76 i 

47. 08-56. 21 


F^ortioQ of itDd 


Xasoinble aoikSs 


H:^^ir<^Srsa2>l6 poiy- 


W*4er 




Aver* 

age 


Eazigo 


Aver- 

age 




Aver- 

age 


Bange 


Avet’- 

age 


Bange 


Flavedo--, 
Albedo 


Pncent 

34.49 

4&21 


Peruwt 

04 

4S.7»-62.»7 


Pcreei^ 

ia73 

16.40 


Percent 
A 83-13.36 
lAOa-17.77 


Percent 

73.3 

74.3 


Penxni 
72.0-76 5 
72.2-763 


Percent 

1.04 


Percent 
0.84-1 24 


Portion of rind 

He^widin 

Hydrogen-ion 

eoncentration 

Average 1 

RaQ0B 1 

Average 

Range 

Flavedo 

PerceiU 

2.42 

3-47 

Percent \ 

3L(S-AQ8 

1.32-6.57 

pH 

6.19 

6.25 


Albedo 



All values except water and bydrogen-Son ooBcontration are expressed on tlie be^ of dry 






May 15, 1936 


Physiological Changes in Rind of Calif omia Oranges 735 


The seasonal trends of sugars in the flavedo and albedo of Valencia 
rinds are shown in figure 4. The graphs for reducing sugar and inYert 
sugar show the characteristic behavior of these substances. The hot- 
weather period of August and early September diminished the reduc- 
ing sugar and increased the invert sugar decidedly. The color of the 
fruit remained good until after the September 10 collection, when it 
began to regreen rapidly. The flavedo and albedo did not cfifler 
much in their reducing-sugar content, hut the former was consider- 
ably higher in invert sugar throughout the season. 


Comparison of Pomona and Corona Fruit 

One of the interesting facts shown by the data was the very con- 
siderable difference in the chemical composition of the rind of Valencia 
oranges in the two localities, Pomona and Corona. Colby (j9) pub- 
lished the results of a comparative study of sugars and acid in the 
juice of Washington Navel oranges from different sections of Califor- 
nia, but the writers have seen no comparative observations on the rind. 

A summary of the writers^ results is presented in table 4. Each 
value given in the table is the average of 80 or more determinations. 

In Valencias the rind of the Pomona fruit had a higher content of 
water, reducing sugar, soluble solids, soluble nitrogen, and total 
nitrogen. On the other hand, the rind of the Corona Valencias was 
higher in invert sugar, insoluble solids, hydrolyzable polysaccharides, 
and the flavedo-albedo ratio. Total sugar and insoluble nitrogen 
show very little significant difference. 

The rind of Pomona Washington Navel oranges was higher in water, 
hesperidin, hydrolyzable polysaccharides, and insoluble solids, but 
lower in reducing sugar, invert sugar, total sugar, soluble solids, 
hydrogen-ion concentration, and flavedo-albedo ratio. The fruit 
at Corona, as already stated, was somewhat more advanced in ma- 
turity on all collection dates, and therefore the fruit from the^two 
locahties was not strictly comparable. 


Table 4. — A comparison of the chemical composition of the rind of oranges grown 
in two localUies during the season of IQSB-SS^ 

VALENCIA 


Locality 

_ 1 

Re- 

duc- 

ing 

sugar 

In- 

vert 

sugar 

Total 

sugar 

Solu- 

ble 

solids 

In- 
solu- 
ble ] 
solids ! 

Hy- 

dro- 

lyza- 

ble 

poly- 

sach 

cha- 

rides 

Solu- 

ble 

nitro- 

gen 

In- 

solu- 

ble 

nitro- 

gen 

!ti4» 

nitro- 

gen 

i 

Wat^ 

Fla- 

albe- 

do 

ratio 

1 

Pet 

Pei. 

Pet 

Pei. 

Pet. 

P^. 

Pci 

Pet. 

Pet. 

Pet. 

Pet. 

Pornona, Calif 

21 12 

8.88 

3a 60 i 

64,18 

34.98 

11.24 

0.479 

0.451 

0930 

74.9 

1.S5 

Corona, Calif 

17.80 

11.67 

29.56 1 

50 00 1 

40.07 i 

13.78 i 

.360 ! 

.«0 

.840 

mo 

1.66 


WASHINGTON NAVEL 


Loeality 

1 

Eer 

ing 

sugar 

In- 

vert 

sugar 

Total 

sugar 

Soba- 

ble 

IH- 

SO^ 

bte 

fields 

1 Hy- 
1 dm- 
f ly*a- 
bie 
poiy- 
sao- 
<4m- 
rides 

Waiser 

Fia- 
ve<fei- 
albe^ 
do , 
ratio 

Hes- 

peri- 

1 

! dro^ 
sefo- 
km 

€SOI0- 

ceas- 


Pet. 

PCL 

Pet. 

Ptf. 

Pd. 

Pd. 

PcL 

PoL 

PeL 


Pflcawaa. Caltf 

28.83 

6.S8 ■ 

34.41 

57.20 



74.6 

hm] 


■ 

OoBqg^Gafif.- 

32.15 

6.35 i 

38.50 

60.06 

39.94 

13.06 1 

TStO 


2.2^ 



■ ‘ “T— ^ — 
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Another factor that should be taken into consideration in this 
comparison is the rise in temperature that occurred at Corona during 
the interval between the pickings of Washington Navels at the two 
locations in December and January. The data were examined to 
find whether this difference in temperature for the few days preced- 
ing picking might have helped to widen the difference in composition 
of the rinds of fruit from the two localities. Graphs were constructed 
to show the seasonal divergence, with regard to certain substances, 
between the stem end and the blossom end (fig. 3) and between Po- 
mona and Corona Washington Navel rinds taken as a whole (fig. 5). 
It was noted at once that the extent of divergence between the stem 

end and the blossom end, 
with regard to several 
substances, remained 
rather uniform through- 
out the season, but that 
the divergence between 
the Pomona and Corona 
rinds was considerably 
greater earher in the 
season when the mean- 
temperature difference 
between Pomona and 
Corona was the great- 
est. If this explana- 
tion has’ any value, it 
indicates that the tem- 
perature changes at Corona on the dates stated may have affected 
the composition of the rinds to an extent measurable by the methods 
employ^ in this study. 

CHANGES UNDER STORAGE (XJNDmONS 
Vaebncia Obangbb ^ 

During the November 12 collection extra quantities of fruit were 
lacked and placed in cold storage in order to observe the changes 
tibiat mi^t t^e place in the rinds. 

The used were 33^ and 53° F. A controlled j^gh 

rdative huamidity was maintained in the 53° room but no control of 
relatave huoftidily in 33° room. In the latter the relative humidity 
was always lower than in the former; in fact, enough lower to more 
ih&xi offset the lower vapor tension at 33°, with the result that the 
rinds of this lot lost noticeably more water. The period of storage 
was 7 weeks (Nov. 12 to Dec. 31). When the final examination was 
made the fruit seemed in fair condition, except for the characteristi- 
cally ''old” appearan<^ and considerable shrinkage in the lot held at 
33°. The difference in rate of water loss in the two storage rooms 
renders the interpretation of the chemical data difficult. It is clear 
that all such experimental storage rooms ou^t to be maantained at 
equivalent relative humidities so that the loss of water from the fruit 
would be approximately the same in every room. 

The stem-end rinds lost water faster than the Mossom-end rinds. 
Apparently there can be a significant diff^roace in the heavier of 
the two ends in this regard, depending upon whether or not the fruit 
is attached to the tree. The flavedo-albedo ratio varied in storage; 



Figure 6.~Seasonal diffctrences between Wasiungton Navel oranges 
from Corona and Pomona with respect to oertatn constituents 
of the rind. 
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the flavedo nearly always lost water more rapidly than the albedo. 
It is not known whether this was due to the greater exposure of the 
flavedo or to its smaller water-holding capacity. Some tests were 
made of the rate of dr37ing when flavedo and albedo tissues were ex- 
posed in the laboratory. The flavedo lost about 26 percent of its 
ori^al weight in 4K hours, whereas the albedo lost 16 percent. 
Weighings at the end of 24 hours showed that the albedo tissue had 
continued to lose water at nearly a constant rate, making a total of 
62 percent, but the rate of drying of the flavedo had so decreased after 
the first period that the total loss was only 44 percent. It would be 
interesting to test the successive changes in flavedo-albedo ratios of 
oranges during storage at low humidity. Soluble solids decreased 
in all portions of the linds at both temperatures, and the decrease 
was more than twice as much at 53° as at 33° F. When the stem 
end and the blossom end were compared it was found that the stem- 
end rind had lost twice as much of its soluble solids as the blossom end. 

A diminution of total sugars accounts for a large part of the change 
in soluble solids. Reducmg sugar decreased slightly, but invert 
sugar decreased greatly. The latter almost disappeared when the 
fruit was held at 53° F. ^ There was an apparent small increase of 
hydrolyzable polysaccharides in all portions of the rind in both 
storage rooms. However, it is doubtful whether this is a real increase, 
for it is decidedly contrary to the results obtained for polysaccharides 
during extensive companion studies of the rinds of grapefruit in 
storage. The changes in soluble and insoluble nitrogen in storage 
were so slight that no correlations were noted. 

The resets obtain^ in the determination of the hydrogen-ion 
concentration in the rind and in the pulp juice of the two storage lots 
from Pomona are presented in table 5. From these data it is evident 
that the rind of the fruit from the 33° F. room was more acid than 
that from the 53° room. This is true of all corresponding portions 
of the rind, the average difference being 0.26 pH. The stem-end 
portions of the rind were more acid than mose from the blossom end, 
and the equatori^ wrtions held an intennediate position. The 
flavedo was less acid man the albedo. The piflps showed a difference 
of only 0.04 pH, but in this case that held at 53° was more acid. 

Tablk 5.- — Hydrogenri&n covw^ration deierminoAions of differ eni portions of 
V€Uenciu oranges after being held in storage for 7 weeks at two different temper- 
aiures ^ 


Storage teasaperature cr.) 

Stem-eod 

rind 

Bkesom- 
ead rind 

Equato- 
rial rind 

Flavedo 

Albedo 

Averare 
of rind 
pcKtions 

Pnlpjnic© 

53 j 

S. 97 
6.79 

pH 

6.33 

6.01 

pM 

6.23 

S.fi$ 

pH 

6.® 

6-32 

pH 

6.77 

6.61 

pH 

^IS 

A® 

pH 

3.78 

3.^ 


niflfflPBrioe ....j 

as 

'.3» 1 

^ 

.28 

.36 

.26 

.04 


^ wrifiers are folly aware feat felsa 

©iQBvbereijg is inKQfmiU feta Uiey tJiafc 

. feba avaragas of pH as as tfeeaw- 


WASBUfOTON NaVEB OSAi^UBS 


IRm first storage emeHment of thfe study was started at a tfeie 
QOj3reiS|HMidmg to ^e thiid field ©(Election. The fruit came frpm tfeh 
sa.H!e li^ees at Pomcma and Corona Ihatjvere ^ed for the 
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collections. The fruit from each of the two localities was divided 
into two lots and placed in storage on January 7 and 11, respectively. 
The length of the storage period was 30 days. One lot from each 
locality was held at 52^^ F. vdth an average relative humidity of 89 

E ercent, and the other lot was held at 32° with an average relative 
umidity of 76 percent. At the end of this period the fruit was free 
from rind blemishes at both temperatures. Chemical analyses of 
the rinds of these and the following lots were carried through exactly 
as described for the regular field collections. 

The time of collection for the second storage experiment corre- 
sponded with that of the fifth field collection, March 1 to 4. Lots 
from each locality were stored for 46 days at 52°, 42°, and 32° F. 
with average relative humidities of 89 percent (range 85-93 percent), 
85 percent (range 83-86 percent), and 85 percent (range 83-87 per- 
cent), respectively. At the end of this time none of the fruit showed 
any rind blemishes except the lot from Corona held at 32°. In this 
lot 72 percent of the fruit showed a brown stain somewhat resembKng 
common apple scald. 

The third storage experiment was carried out with Corona fruit 
only, and the time of picking corresponded with that of the sixth 
field collection, April 13. The temperatures and relative humidities 
used were the same as for the second storage experiment. The 
length of the storage period was 33 days, after which the rinds were 
found to be free from storage blemishes except in the lot held at 32° F. 
All of this fruit showed various amounts of brown stain. 

The foimth storage experiment was made with Pomona fruit only, 
and the time of picking corresponded with that of the seventh ® field 
collection, May 25. The temperatures and relative humidities were 
again the same as those used in the second storage experiment. The 
length of storage was 41 days. At the end of tms period there were 
no storage blemishes on the rinds except in fruit of the lot held at 
32° F,, ^ of which showed brown stain. The fruit had been picked 
after the T&pA&r commercial season, and none of it was very firm 
when placed m storage; at the time of remov^ from storage it was 
somewhat soft and not fresh looking. This last statement applies 
neariy m well to the Corona fruit used in the third stora^eapi^iment. 
This firoit had boean picked nearly 6 weeks before the Fomona fruit 
of the four& storage experiment, yet the fruit of both locations seemed 
to be at about the same stage of maturity when placed in storage. 

EFFECTS OF TEMPERATURE 
On Rind as a Whole 

Ex^mal observations of the oranges used in the simple storage 
experiments described above pointed ^ two tentative conclusions, 
namely, (1) the fruit was most susceptible to brown stain at 32° F., 
and (2) it was also more susceptible during the latter part of the season. 

The effects of storage temperatures on the chetocal composition 
of Washington Navel orange rmds are shown in table 6. The values in 
this table are from the data from the second, third, and fourth storage 
experiments. Data obtained from the first storage experiment are 
not included because there was no storage at 42° F. 


* Since, as already stated, the Tth fl^d cttfketioa Teas made only at Pomona, to sere© as a contriEi fta: the 
stora^ eyperiment, the analyt«s^ data frosn it were not tednded in the prasentation. charieaB in tfe® 
field but were used for the average percentages at be^iimiag of stOTage giveoi in table ^ 
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It is evident from table 6 that certain substances in the rind gave 
definite responses to the temperatures used. Invert sugar showed 
only a small decrease at 32° F. but a very large one at 52°. Keducing 
sugar showed a smaller decrease, which was progressively reduced as 
the temperature of storage was lowered. The striking alteration in 
invert sugar had little effect on the general trend of total sugar because 
invert sugar comprised scarcely more than one-tenth the amount of 
reducing sugar. Total sugar, therefore, behaved much like reducing 
sugar. 

Table 6,— Effects of temperature on the composition of the rind of the Washington 

Navel orange in storage ^ 


Storage conditions 

Reducing sugar | 

.. 1 

Invert sugar 

Total sugar 

Soluble solids 

1 

Con- 
tent i 

Loss 

Con- 

tent 

j 

Loss 1 

Con- 

tent 

! 

Loss ® 

Con- 

tent 

Loss- 


Percent 

34.67 

Percent 

Percent 

5 94 

Percent 

Percent 
40. 61 

Percent 

Percent 

63,0 

Percent 

After 46 days at— 

62® F - 

33.43 

3 68 

3. 14 

47.1 ' 

36.67 

9.9 

60.4 

4.2 

42® F 

34.01 

1 91 

3.66 

38 4 

37. 67 

7.2 

60.7 

3.7 

32® F - 

34.25 I 

: i 

1 21 

5.46 

8 1 

39 71 

2.2 

62.8 

.3 



Stealage conditions 

Insoluble 

solids 

Hydrolyzable 
polysaccharides i 

Hesperidin 

Hydrogen-ion 

concentration 

Con- 

tent 

1 

Gain 

Con- 

tent 

Loss 
(-) or 
gain(4-)j 

Con- 

tent 

Gain 

pH 

Differ- 
ence in 
pH 

Before storage - 

Percent 

37.0 

Percent 

Percent 

11.89 

Percent 

Percent 
2. 12 

Percent 

5u94 


After 46 days at— 

62® F 

30.6 

7.1 

12. 67 

1 

! -f-5.72 

1 -1-2.29 
-.93 

3. 14 

48 1 

5.47 

0 47 

43® F 

39.3 

a2 

12. 41 

3.04 

43.4 

i 6.52 

i .42 

32® F - 

37.2 

,64 

11 79 

2.65 

25.0 

1 6.83 

1 

1 .11 




* All pea'oentages are calculated on the basis of dry weight. 

* The percentage of loss or gain is calculated on the basis of the percentage present at the beginnh^ of the 
storage period. 


The r^iorded increase of hesperidin in storage is very interesting. 
At 52° F, hesperidin increased to one and one-half times the quantity 
present at the beginning of storage, and even at 32° it increased to 
one and a quarter times that originally present. That this is an 
actual increase in the quantity of hesperidm seems certain, for if the 
loss of sugar and other soUds is taken into account, there is stiU a 
clear mai^in showing increase of this substance at all temperatures 
used. Tms s 3 mthesis of hesperidin in storage seems to be correlateKi 
with the rate of respiration, and its accumulation with the lack of 
translocation. ^ Hesperidin was foimd to decrease steadily through 
the season while the fruit was on the tree. This fact sugg^ts a 
number of possibilities, of which one is that while translocation of 
tiiis rather stable glucoside (or group of glucosides) bontinue 
white 14^ fruit is on the tree, there may be a diminiition of the rate of 
respiration as the orange matures. Thus one might account for 
seasoad decrease. It can scarcely be assumed that the synthotis 
hesperidin ceases completely at any time in the field. 
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Soluble solids showed the greatest loss at 52^ F. and the least at 
'32^. The insoluble sohds consequently had an apparently opposite 
trend. 

Hydrolyzable polysaccharides apparently increased in storage at 
52^^ and 42"^ F., but if the loss of other substances is taken into account 
it is found that they remained practically stationary, or possibly 
decreased slightly at all temperatures. 

When the rinds were considered as a whole it was found that the 
flavedo-albedo ratio remained practically unchanged in storage. 
However, if stem and blossom ends were compared separately it 
was found that in the stem end the ratio made an average increase 
of 0.04 at 32° F., a decrease of 0.03 at 42°, and a decrease of 0.04 
at 52°. In the blossom end the changes w^ere almost exactly reversed, 
the changes in value of the ratios being a decrease of 0.04 at 32°, a 
decrease of 0.03 at 42°, and an increase of 0.06 at 52°. 

Under all conditions of storage there was an increase of active 
acidity in all portions of the Washington Navel orange rind (table 7). 
The greatest increase was at 52° F. and the least at 32°. This effect 
of temperature is quite the reverse of that recorded for the Valencia 
orange rind, which will be referred to again in the comparison of the 
two orange varieties. 

On Portions op Kind 

In all the preceding discussion of the effects of different temper- 
atures on the rind of Washington Navel oranges in storage, the rind 
has been considered as a whole, except for a brief mention of the 
flavedo-albedo ratios in the rind of the stem and blossom ends. 

A detailed account of the relative behavior of the stem and blossom 
ends, of the fiavedo and albedo, or of fruit from the two localities, 
would seem undesirable in a summarized report of this kind. Never- 
theless, it may be stated that the different portions of the rind did often 
respond to storage conditions somewhat differently, although these 
responses differed in quantity only. 


Tabi,® 7. — Hydrogen-ion conceniration of different portions of the rind of Wash 
ington oranges held in storage 4^ days at different temperatures 


StOTEkge temperaturo <® F ) 

Stem 

end 

Blossom 

end 

Fiavedo 

Albedk) 

Aver- 

age* 

Balora storage (caatrol) , , 

pH i 
6.16 ! 

pH 

5.74 

pH 

6 39 

pH 

5 49 

pH 

5.94 


52® 

6 60 

5 26 

5.74 1 

5. 20 

5. 47 

42® 

5. 75 

6 29 

5.79 

5. 24 

5.62 

5.83 

32® - 

6.03 

5.63 

6 34 i 

5.42 


Avwige* - ._j 

6,82 

5.39 

5.92 1 

1 

6.29 

5 61 



1 Bee foafenote 3 to tabk 1. 


The stem end showed greater changes than the blossom end in all 
the substances under observation except active acidity. The imme- 
diate explanation of this was found to involve the relative distribution 
of the albedo tissue, which is more responsive to everything except 
acidity. The albedo is more abundant m the stem end (the fiavedo- 
albedo ratio was less than unity here), and the reverse is true of the 
blossom end. Why the flav^o tissue of the Washington Navd 
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orange in storage should show greater change in active acidity than 
the albedo is not clear, but the condition appears to be quite different 
from that found in studies on the rind of grapefruit, which will be 
reported separately, where the albedo showed greater responses in 
acidity. This greater activity in acidity responses of the navedo of 
the Washington Navel orange rind might possibly have some relation 
to the surface brown stains noted in storage, in contrast to the deeper 
seated pittings noted in the grapefruit rind where the albedo shows 
the greater acidity response. 

COMPARISON" OF RINDS OF WASHINGTON NAVEL AND VALENCIA ORANGES 

When any attempt is made to compare the rinds of the Washington 
Navel and Valencia oranges in southern California, it must be kept in 
mind that almost none of the chemical differences between them can 
be attributed definitely to the fact that the oranges are of different 
varieties. It has already been mentioned that the two varieties 
are harvested at different seasons of the year. _ In southern California 
the Washington Navel orange season begins in the late fall and ends 
in the spring, whereas the Valencia orange season begins in the spring 
and extends through the summer. The average weather conditions 
affecting the two varieties at harvest time d^er as mdely as is possible 
for two intervals of such length in the district; for example, the mean 
temperature for the entire period during which the Washington Navel 
orange material was collected was 52.1® F., whereas the corresponding 
mean for the period of Valencia collections was 67.3®. During the 
season of the Washington Navel orange there were many minima 
of 32® or below, and in the Valencia season there were several maxima 
of 100® or above. The opinion has been advanced that the temper- 
ature and other environmental conditions immediately preceding the 
picking of the fruit are capable of producing considerable and rapid 
chemical changes within the rind tissue. If this be true it seems 
probable that recorded differences between Washington Navel and 
Valencia orange rinds will have been influenced hj the seasonal 
differences in the weather affecting each variety immediately preced- 
ing ^d during picking. In other words, if the environmental 
conditions present at the harvest time of the two varieties were 
reversed, then the chemical situation in the rinds might also be 
reversed, or at least considerably altered. It is to be expected that 
such wide differences in temperature and other climatic factors at 
the time of harvest might induce a difference in the rinds of the two 
varieties that would reflected in their behavior in storage and 
transit. With the forgoing caution against accepting difference be- 
tween rinds of the Washington Navel and Valencia oranges as alto- 
gether varietal, the following comparisons are presented. 

In Tn® Field 

A general summarized comparison, presented in table 8, 
avmage of ^ chemical determinations for both varieties as th^ c^epie 
grove. Each value for the Washington Navel rind m thh 
table is the average of 96 determinations, and each value for 
Valencia rind is the average of 160 determinations. ; ; 7; 
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Table 8.' — A comparison of the chemical composition of the rind of Washington 
Navel and Valencia oranges before storage ^ 


Variety 

Water 

Re- 

sugar 

Invert 

sugar 

Total 

sugar 

! 

i 

Soluble 

solids 

Hydro- 
I lyzable 
poly- 
saccha- 
rides 

Re- 
ducing- 
invert ; 
sugar j 
ratio 

Fla- 

vedo- 

albedo 

ratio 

Washington Navel * 

Valencia a . .. 

Percerd 
73 8 i 
72.0 

Percent 
30 40 
19 38 

Percent 

5 97 
10 37 

Percent 
36 46 
29.75 

Percent 

58.68 

53.91 

Percent 
13 60 
12 58 

Percent 
5.11 
1. 87 

Percent 
\ 1 04 

1.64 


' All values except those in the first and the last 2 columns are calculated on the basis of dry weight. 
> Average of % determinations. 

5 Average of 160 determinations. 


The Washington Navel rind showed a slightly higherw ater content 
than the Valencia rind. This might easily be the effect of the higher 
temperatures and greater evaporating power of the air during the 
Valencia season. As to seasonal trend, the Washington Navel lind 
showed a small decrease and the Valencia rind a small increase as the 
season advanced. 

Reducing sugar was more than one and one-half times as abundant 
in the Washington Navel rind. On the other hand, invert sugar was 
nearly twdce as high in the Valencia rind. Total sugar, however, in 
the Washington Navel rind was nearly one-fourth more than that in 
the Valencia rind. The difference in value of the reducing-invert 
sugar ratio was surprising. In the Washington Navel rind tms ratio 
was 2.7 times as great as in the Valencia rind. 

During the season total sugars remained practically constant in the 
Valencia rind but increased steadily in the Washin^on Navel rind. 
The ‘graph (fig. 2) showing seasonal variations in reducing sugar for 
the Valencia rind paralleled the temperature graph; in the Washington 
Navel rind reducing sugar increased steadily. The seasonal invert- 
sugar graph for Valencias was in general the inverse of the reducing 
sugar graph, but in the Washington Navel rind this was not true. 

Soluble solids and hydrolyzable polysaccharides were more abun- 
dant in the Washington Navel rind. Soluble solids increased steadily 
throughout the season in this variety but increased or diminished almost 
inversely with the temperature in the Valencia rind. 

Hydr^en-ion concentration was ^her in the stem-end than in the 
blossomed rind of Valencias, but in the Washington Navel rind the 
bjdrogendon conc^tration was lower in the stem end. The hydro- 
gen-ion concentration of the rinds as a whole was higher in the Wash- 
ington Navel orange. 

The average flavedo-albedo ratios of Washington Navel and 
Valencia oran^ rinds were 1.04 and 1.04, r^pectively. The smaller 
ratio for the Washington Navel was due immediately to its consider- 
ably heavier albedo. The SawlBdo also was somewhat heavier than 
that of the Valentaa omige, but this difformce was more than offset 
by the relatively heavier idbedo. 

It was noted that at Pomona Valeria rind had more reducing 
sugar and soluble solids and hydrolyml^ pd%^«a<^arides than at 
Corona. In the Washington Navel rind oomfiteons were exactly the 
reverse. 
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In Storage 

For a comparison of the relative behavior of the Washington Navel 
and Valencia orange rinds in storage, the data from only two temper- 
atures, 52^^ and 32° F., are available, since no Valencia oranges were 
stored at 42°. 

Table 9 gives some average changes in the composition of the rinds 
of the two varieties in storage. In general, the Valencia rind made 
greater responses to storage conditions than did the Washington 
Navel orange rinds. It seems possible that the condition of the 
Valencias in the field, influenced as they were by hot, dry weather, 
might have brought about the greater changes that occurred in this 
variety in storage. For most collections, the temperature of the 
Washington Navel oranges was actually raised when taken from the 
field to storage at 52° F. Changes at this temperature were greater 
in both varieties, except in the hydrogen-ion concentration. In the 
Valencia rind the apparent increase of reducing sugar at 52° was 
probably due to the very abundant invert sugar, which for a time was 
hydrolyzed at a rate exceeding that at which it was consumed by 
respiration. 


Table 9. — Comparison of ike composition of Washington Navel and Valencia orange 
rinds before and after storage at different temperatures ^ 


Variety and storage conditions 

Reduc- 

ing 

sugar ^ 

i 

Invert ; 
sugar j 

Total 

sugar 

Hydro- 

lyzable 

polysac- 

charide 

Soluble 

solids 

Washington Nav^: 

Percent 

34.67 

Percent 

5 94 

Percent 
40 61 i 

Perceni ' 
11.^ 1 

Percent 

63.05 

After 42 days at— 

52® F - 

33.43 

3 14 

36.57 

12.57 

80.44 

32® F - 

34.25 

6.46 

39.71 

11.79 

02.78 

Valencia: 

Before storage 

21.69 

7.47 

29.16 

10. 12 

61.20 

After 48 days at— 

53® F — 

22.33 

2.54 

24.87 

13.77 

54.85 

33® F 

19. 75 

6.38 

26.13 

12.20 

62 63 



* AB vaJoea are calcolated on the besK of dry weight. 


As mentioned in the presentation of the storage data for the Wash- 
ington Navel orai^e rind, the changes in hydro»en-ion concentration 
in storage were str&ingly different in the two varieties. The Valencia 
rind developed a greater acidity at 33° than at 53° F., the pH averages 
of which were 5.92 and 6.18, respectively, but the Washington Navel 
rind consistently showed the reverse effect, the average pH values 
being 5.83 and 6.47 at 32° and 52°, respectively. 

DISCUSSION 

While it is freely admitted thj^t^ the Faults reported cannot at 
he definitely linked with and spotting in storage, there 

aiB aenne a^)ects of the findings that are worthy of 

were found to r^pond sometimes very 
to dh^iges m the ^vironment, it is suggested that iresponses 
relate to the brfsavior of the rinds after p^ ki i^. 

^eaa a nmderate ngj^testan d ing of this i^ationship mi^fe 
IMoking ema^^aWy, ei^peciafly for fruit desthued 
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export or storage. At present the more vigilant packing-honse 
managers do not wish Valencias picked during periods of unusually 
hot weather and insist that they shall not be picked except during a 
few hours in the early morning. So meteorology may come to play 
as important a role in the picking schedule as it now does in spraying 
and frost control. 

It has been generally assumed that the susceptibility to spotting of 
fruit coming from the grove depends somewhat, at least, upon the 
district in which the fruit is grown, the season, stage of maturity, and 
general cultural treatment received in the grove. However, some of 
the responses of rinds observed in this work seem to indicate^ that a 
given orange on different days may present a significantly different 
aspect as regards its possible resistance to subsequent conditions in 
storage and transportation that favor pitting and spotting ; that is to 
say, the susceptibility of an orange to spotting in storage is probably 
not merely “high” in very early and very late stages of maturity, but 
it may vary from week to week, being sometimes high and sometimes 
low, depending upon the environmental factors of the few days 
preceding the picking of the fruit. 

A study of the relation of storage and transit conditions to pitting 
and spotting is still in progress. 

SUMMARY AND CONCLUSIONS 

Results are presented of a study of changes taking place in the rind 
of oranges in the field and in storage during the season of 1932-33 at 
Pomona and Corona, Calif. 

Seasonal changes in the composition of the rind as a whole were as 
follows: 

(1) In Valencia oranges there was a slight seasonal upward trend 
in water content, but in Washington Navels the reverse was true, while 
in both varieties there were fiuctuations due to immediate environ- 
mental causes. 

(2) Valencias the flavedo-albedo ratio was always greater than 
unity, increasing temporarily in hot weather; in Washiu^ton Navels 
the ratio varied on either side of unity and likewise fiuctuated with 
weather conditions. 

(3) In. Valencias the soluble solids varied inversely vdlh the mean 
temperature, but in Washington Navels there was a general relative 
increase throughout the season. 

(4) In Valencias there was practically no change in total sugar dur- 
ing the season but invert sugar increas^ as reducing sugar decreased. 
In Washington Navels, on the other hand, total sugar increased 
throughout the season, primarily because of the steady increase of 
reducing sugar; invert sugar fluctuated with immediate environmental 
factors. 

(5) In Valencias the hydrolyzable polysaccharides varied with the 
mean temperature, but in Washington Navefe they decreased as the 
season advanced. 

(6) Nitrogen content was stuped only in Valencia orates. Only 
a slight change was observed during the season, with some mictuations 
in the proportion of the soluble and insoluble fractions. 

(7) Hes|>eridin and hydrogen-ion concentration were determined 
only in the rinds of Washmgton Navel oranges. Hesperidia decreased 
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steadily during the season to about one-half the amount present early 
in the season. Hydrogen-ion concentration made a small but definite 
decrease during the season. 

A comparison of the stem and blossom ends showed a definite dif- 
ference in composition during the season. In Valencias the stem end 
was higher in water, reducing sugar, soluble nitrogen, and soluble 
sohds, while the blossom end had a greater amoimt of total sugar per 
100 ml of solute than the stem end because of the higher water con- 
tent of the stem end. These differences varied through the season, 
being greatest during the hottest weather. In Washington Navels the 
stem end was hkewise higher in water, reducing sugar, total sugar, 
and soluble sohds and the blossom end was higher in invert sugar, 
hydrolyzable polysaccharides, insoluble sohds, hesperidin, hydrogen- 
ion concentration, and flavedo-albedo ratio. 

A comparison of the flavedo and albedo showed that in the Valencia 
the flavedo always weighed more than^ the albedo and that while 
there was some variation in the ratio in the Washington Navel it 
averaged more than unity. In the Valencia the flavedo contained a 
higher percentage of invert sugar, total sugar, soluble sohds, and 
nitrogen. In the Washington Navel the flavedo was hkewise higher 
in percentage of reducing sugar, invert sugar, and soluble sohds. The 
albedo was higher in water, insoluble sohds, and hydrolyzable poly- 
saccharides. In the Washington Navel the albedo was higher in hes- 
peridhn and hydrogen-ion concentration. In Valencia rinds the 
flavedo-albedo ratio was highest during the hottest weather. 

When oranges from Pomona were compared with those from Corona 
the rinds were found to differ in several respects. In Valencias the 
Pomona fruit was higher in water, reducing sugar, soluble solids, and 
total nitrogen, while in the Washington Navel it was higher in water, 
hesperidin, hy^olyzable polysaccharides, and insoluble solids. The 
Corona Valencias were higher in invert sugar, insoluble solids, hydro- 
lyzable polysaccharides, and flavedo-albedo ratio, while the Corona 
Washington Navels were higher in both reducing and invert sugam, 
soluble solids, hydrogen-ion concentration, and flavedo-albedo ratio. 

Storage experiments were conducted to deter m ine the response at 
different temperatures. With Valencias storage experiments at 33° 


and 53° F. for 7 weeks gave the following results: (1) The stem-end 
rind lost water more rapidly than did the blossom-end rind ; (2) soluble 
solids always decreased more rapidly at 53° than at 33°; (3) the stem- 
end rind lost soluble sohds twice as rapidly as did the blossom-end 
rind; (4) reducing sugar changed very little and invert sugar almost 
disappear^ at 53°; (5) rind from fruit stored at 33° had a higher 
hydrogen-ion concentration than that stored at 53°; and (5) the 
stem-end rind of stored fruit had a higher hydrogen-ion concenti^tioj^ 
than did blossom-end rind. There was practieafly no difference 
in the active acidity of the pulp juice of the two Jots. 

In the storage experiments on Wa^nngton Navel oranges the tesa*- 
jpera^mes employed were 52°, 42°, and 32° F. The Ip 

etoragp renditions were as follows: (1) The stem-end riml aiwmy# 
s^wed greater responses to storage conditions than the blo^ip-end 
rind except in acidity ; (2) in all portions of the rind and under 
storage conditions a<imiy increas^, the increase being grcate^ 
and least at 32°; (3) invert sugar deceased sEgh^ 
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greatly at 42^ and 52°; (4) reducing sugar changed much less than 
invert sugar but in the same direction; (5) hesperidin showed very 
definite increases in storage, the increase being relatively greatest at 
52°; (6) soluble solids decreased most at 52°; (7) hydrolyzable poly- 
saccharides changed very slightly at any temperature; (8) the flavedo- 
aibedo ratio remained unchanged in the rind as a whole, but there was 
a small increase of the ratio in the stem end that was exactly offset by 
a decrease in the blossom end. 

In considering the results on Washington N ay el and V alencia oranges 
it must be remembered that in southern California the Washington 
Navel oranges are harvested in winter and the Valencias in summer, 
which makes it difficult, in a comparison of the two varieties as grown 
there, to distinguish between the differences which are varietal and 
those which are caused by environment. 

The results of storage experiments with Washington Navel oranges 
indicate that late-picked fruit is most susceptible to brown stain and 
that susceptibility is increased by storage at 32° as compared with 42° 
and 52° F. With respect to pitting and spotting the results are not 
so clear-cut but seem to show that susceptibility to these disorders 
varies with the environmental factors of the last few days preceding 
the picking of the fruit. 
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FIELD AND STORAGE STUDIES ON CHANGES IN THE 
COMPOSITION OF THE RIND OF THE MARSH GRAPE- 
FRUIT IN CALIFORNIA* 

By E. M. Harvey, 'physiologist^ and G. L. Kygg, junior pomologisty Division of 
Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

This paper presents the results of two closely related studies. 
The first section deals with the rind of the Marsh grapefruit {Citrus 
grandis (L.) Osbeck) in the field during the harvest season, and the 
second section deals vith the rind of comparable fruit held in storage 
at different temperatures or under other experimental conditions. 

As in the major portion of the studies on Valencia and Washington 
Navel orange rinds pre^usly reported {13)^^ the object of the first 
stud;y was to determine, as closely as the methods employed would 
permit, the normal seasonal changes of grapefruit rind in the field. 
The experiments were so designed that the information obtained 
might be used as the basis for a rather extensive investigation of the 
behavior of grapefruit rind in storage. The results of this latter 
study are reported in the second part of this paper. 

REVIEW OP LITERATURE 

The literature of previous work on the grapefruit rind is shnilar 
to that noted in connection with the orange {13) rind in that the 
attention of investigators has been directed mainly to the essential 
oils from a pharmaceutical or related standpoint, and when other 
substances have been taken into account the normal seasonal trends 
have not usually been coMidered. 

One of the most extensive series of observations on seasonal changes 
in grapefruit is that reported by Lopez-Dominguez {17, 18) dealing 
witti Duncan and Marsh varieties. He noted changes in compositian 
of the fruit as affected by maturity, soil type, and rainfall. The more 
significant portion of his report concerns the changes in the pulp and 
juice, but information is also given on seasonal variations in thicTkn^ 
of the rind. In both varieties the rind decreased in thickness with 
maturity; in the Marsh the rate of decrease was checked when the 
solids-acid ratio reached 7. Hawkins {H) in his study of grapefruit 
ripening noted that the percentage of rind decreased throughout the 
season and that this was paralleled by a decrease in thickness. The 
chan^ taking place in the pectic constituents of the albedo of 
Florida ^apefrmt rind have been studied by Gaddum {8). Cald- 
well {B) has follow^ the changes in hydrogen-ion concentration and 
chemical composition in entire Florida grapefruit, beginning with 
extremely immature stages and including sample taJken at week^ 
intervals until the hegmmng of the commercial harvest period* 

^ ier poiblioatkai Xiig. 36, iSSfi; Jobs 
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As regards seasonal development of the fruit his study ends about 
where the present one begins, and does not deal at all with the rind 
alone. 

Other reports dealing with the analysis of the grapefruit rind do 
not refer to successive changes but present observations either on 
the distribution of certain substances (other than essential oils) in the 
rind or on the differences in composition between different portions of 
the rind. For example, Wiliimott and Wokes 23) found that in 
grapefruit peroxidases are concentrated in the fiavedo, although these 
substances are fairly widely distributed in the rinds of orange and 
lemon. These authors also studied the distribution of vitamins in 
grapefruit rind. Klotz and Haas (16) observed that the stem end of 
grapefruit had a greater permeability than the blossom end. 

FIELD STUDIES 

MATERIALS AND METHODS 

Two field studies were made. One was carried out in the district 
that includes Fontana and Corona, Calif.; and the other was carried 
out in a single locality near Oasis, Calif., in the Coachella V alley. 

The field portion of the first study extended through 171 days, 
beginning March 19 and ending September 6, 1933. This spring and 
summer period coextends in general with the regular harvest of 
grapefruit in the western part of southern California. 

The second study began November 6, 1933, and ended April 9, 1934, 
a period of 154 days. This winter and spring period also coextends in 
general with the commercial harvest of grapefruit in the Imperial and 
Coachella Valleys. 

These observations allow a comparison of rinds of the same variety 
of grapefruit grown in Two districts so distinctly different in climate 
that in one the harvest time is in the summer and in the other in the 
winter. This difference in harvest seasons is practically the same as 
that encountered in regard to the Valencia and Washington Navel 
orange (IS), but in the latter case the two varieties were grown in the 
same dimatie district. 

The mean temperatures at Fontana or Corona and at Oasis during 
the periods of observation differed less than might have been 
expected, but the climatic environment differed greatly. In the 
Coachella Y^ey the harvest season follows an extremely hot and dry 
summer, while in the Fontana-Corona district it follows a relatively 
cool period. 

All fruit used in this study was obtained from trees carefully 
selected at the begi n nmg of tJie ^ason, fi.ve each^t Fontana and 
Ck>roni^ and six at Oasis. The soil types ifii whicJh the experimental 
trees were growing at Fontana, Corona, and were Hanford 

graveBy Yolo gravdiy team, and respectively. 

CoUectaons were made at interVafe of 6 weeks. At 

Corona and Fontana 10 fruits were picked of the 5 sdected 

tare^ and at Oasis 8 fruits were pi^ed from es^^^ the 6 trees. The 
fruit was brought into laboratory, were removed 

and separated into four portions as follow^ Stem-end flav€do, 
(2) stem-end albedo, (3) Mossom-md jSavedo, and {4) blossomr-end 
albedo. 
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The procedure followed in. the determination of hydrogen-ion con- 
centration was the same as that described in the report on Washington 
Navel orange rind {IS), except that when this determination w^as made 
in the pulp juice the tissue was not frozen before pressing and the juice 
was diluted to four times its original volume before the analysis. The 
samples of pulp juice were also titrated for total acidity. The titra- 
tions were made in duplicate, using 50 ml of juice for each and diluting 
with 100 ml of distilled 
water; normal sodium 
hydroxide was used for 
the neutralization, with 
phenolphthalein as in- 
dicator. 

Naringin was deter- 
mined by the method 
used for hesperidin in 
the Wasliington Navel 
orange rind {IS), except 
that the weight of the 
derivative sugar was 
multiplied by the fac- 
tor 1.60 instead of 2.17 
in order to obtain the 
weight of anhydrous 
naringin. The proce- 
dures in all other anal- 
yses were the same as 
those described in the 
report on orange rinds 
{IS). 

The sugars were cal- 
culated as follows: (1) 

“Reducing sugar^', as 
glucose, from the copper 
equivalent to the per- 
manganate titration be- 
fore inversion ; (2) “in- 
vert sugar' as invert 
sugar, from the copper 
equivalent to the per- 
manganate titration 
after inversion minus the permanganate titration before inversion; and 
(3) “total sugar”, as the sum of ‘deducing sugar” plus “invert sugar.” 

Since the Fontana and Corona locations are so simil ar climatically, 
the data from them are handled together in all comparisons with the 
data from Oasis. 

EXPERIMENTAL RESULTS 



Seasonal Changes 


at FONTANA AND COEONA 

The seasonal changes in the composition of the OTapefruit rind at 
Fontana and Corona are summarized in table 1 and figures 1 and 2. 
Each percentage value given in this table is the average of 16 detear- 
minations. 
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The water content of the rind did not change greatly, although 
there seemed to be a very slight upward trend through the season. 
Tliis must mean that the water-holding power of the rind tissue 
increased also, otherwise there would have been a loss of water owing 

to the fact that the sea- 
son was growingwarmer 
and less humid until the 
time of the fourth col- 
lection (July 23), 

Reducing sugar de- 
creased to a minimum 
at the fourth collection, 
whereas invert sugar 
increased to a maximum 
at that time (fig. 1). If 
the graphs representing 
the seasonal changes of 
these sugars are com- 
pared with the block 
graphs showing the 
mean air temperatures 
at Fontana and Corona, 
it will be noted that the 
reducing sugar changed 
somewhat inversely to 
and the invert sugar 
parallel to the tempera- 
ture changes. 

Total sugar behaved 
as did invert sugar, which dominated the total, not in percentage but 
by its greater seasonal changes. 
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Fiqdee 2 —Seasonal changes in mean air temperature (means for 
S-day periods preoeding collections) and in the composition of the 
rind of Marsh grapefruit from Corona and Fontana, Oalif., with 


respect to nanngin, hydrolyzable polysaccharides, and hytirogen- 
lon concentration. The pH of the pulp is also shown 


Table 1. — Seasonal changes in the chemical composition of the rind of Marsh 
grapefruit grown at Corona and Fontana and at Oasis, Calif., during the season of 
19S$-S4 » 


OOBONA AND FONTANA, AVERAGES OF 16 DETERMINATIONS 


Date Of 
eoJleo- 
tion 

Water 

Re- 

doe- 

ing 

Sugar 

Invert 

si^ar 

Total 

sugar 

Narin- 

gin 

Hydro- 

lyaaWe 

poly- 

sacdtea- 

rides 

S(du- 

ble 

aolids 

Inso!- 

ubie 

solids 

Hydro- 
geat4on 
con- 
centra- 
tion of 
rind 

Flave- 

do-al- 

bedo 

ratio 

Hydro- 

gen-ion 

con- 

centra- 

timaof 

pulp 

juice 

um- 

hter 
N/l 
acid m 
10 ml 

pidp 

^aiee 


Per- 

Per- 

Pet’ 

Per- 

Per- 

Per- 

Per- 

Per- 


Per- 



tm 

cent 

cent 

cent 

cent 


cent 

eent 

cent 

pH 

cerd 

pH 


Mar, 19 

7&9 

S4 5S 

aio 


A07 

9.4D 

6A1 

34.9 

6.31 

0.74 

A09 

3.74 

Apr. 30 

79.4 

36.09 

9. S3 

3AQ2 

a€7 

8,33 

67.1 : 

32.9 

6.45 i 

.75 

3.01 

z.m 

Sum It 

747 

25.13 

n.«7 

36.79 

7.40 

6.00 

71.1 

28.9 

6.53 : 

.77 

2L97 

3.47 

July 23 

ao.7 

n.m 

1A30 

39.38 

7.S7 

A23 

73,7 i 

243 j 

6.36 

.78 

3,16 

Z9® 

Sa{>t. e 

8Ql6 

28.81 

13.63 

37.44 

6.07 

A40 

72.2 

27.8 ! 

6.24 

.71 ! 

Aa2 

2^6® 


OASIS, AVERAGES OF 8 DETBRMWATIONS 


ms 

7A1 

1133 

7.56 

21.79 

9.21 

1188 


"" 1 

! 

47.4 

5.74 

0.79 

A28 

2.69 

Bee, 12 

714 

IS. 55 

9.24 

27.79 

7.21 

12.92 

58.1 

41.9 

6.61 

.88 

a. 36 

2.47 

sm 

Jam 15 

75.1 

37.04 

7.69 

3173 

193 

iaa& 

617 

SA3 

126 

.83 

3.26 

2.60 

Mar. 1 

80.1 

S 2 .ee 

9.05 

33L64 

5,78 

mss 

63.1 

36.9 

171 


3.22 

Aft 

Apr. 9 

80.3 

20.38 

1100 

3138 

A26 

R87 

«L7 

33.3 


-96 

A17 



^ All valoeis exo^ those in the seeand and the jtest 4 ct^nmns are caSeolated on basis e| dry 




May 15, 1936 


Changes in Composition of Rind of Marsh Orapefruit 751 


Soluble solids increased notably until the fourth collection, when 
they reached a maximum. Their graph (fig. 1) was similar to that of 
total sugar, which accounted for slightly more than half of the soluble 
solids. 


Naringin (fig. 2) fluctuated considerably in various samples, but on 
the whole decreased during the season. 

Hydrolyzable polysaccharides (fig. 2) diminished slowly throughout 
the season, or at least became relatively less. 

Hydrogen-ion concentration in the rind changed very slightly, but 
there appeared to be an increase until the third collection (June 11), 


after which there was a 
small decrease, so that 
the pH was nearly the 
same at the time of the 
first and the last collec- 
tions (fig. 2). 

The average hydro- 
gen-ion concentration 
of the pulp juice did not 
parallel that of the rind. 
The pH graph for pulp 
juice is presented in 
figure 2, and the titra- 
tion values for the same 
juice samples are shown 
in table 1. 

The flavedo- albedo 
ratio rose slowly until 
the July 23 collection 
and then decreased to a 
value less than that at 
the beginning of the 
season. 

AT OASIS 

A summary of the 
seasonal changes in the 
rind of the Oa^ grape- 
fruit is pr^ented in 
table 1 and in figures 
3 and 4. Each percent- 
age value is the average 
of eight determinations. 



PiGiTHK 3. — Sraisooal changes In mean air temperatrrre (maarts for 
5-day periods preceding o(dlectk>ns) Mid in the compositioii of the 
rind of Marj^ grapeftTiit from Oasis, Calif., with ras^pect t© wat^, 
soluble Bolide, and reducing, invert, and total sugars 


Water increased slightly through the season, r^ardless of the fact 
^lat the weather was growing warmer and drier. The average relative 
humidity in the Ck>achella Valley for M^h and April 1934 was about 
SO percent. 

^uhle solids and total sug^ (fig. 3) increstsed rather steadBy 
fibe season. The behavior of the total sugar was largefy fihat 
of the reduciBg sugar until invert sugar increased greatly toward 
»d of th© seasem, 

E^imoag increased tmtil Januaiy 15 and then daereae^ 
April 9, whereas inv^ sugar increased ^hghtiy to Deeember 11, 
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decreased to January 15, and increased during tlie rest of the season. 
The seasonal graphs in figure 3 show that these sugars when compared 
with graphs for mean air temperature behaved very much as did the 
same sugars in the rind of the Fontana-Corona grapefruit (fig. 1) 
when their graphs were compared with block graphs for mean air 
temperature. 

The hydrolyzable polysaccharides (fig. 4) showmd a relative decrease 
through the season. 

Naiingin showed a general decrease, but there were fluctuations in 
naringin content resembling those noted in the rinds at Fontana and 
Corona. It seems very probable that naringin is an indirect by- 
product of respiration. 

1 If so, there should be a 

tendency for naringin 
content to parallel the 
rate of respiration. 
Phloridzin, a closely 
related glucoside, has 
been found to behave 
so in apple shoots {11, 
12). If the naringin 
situation is somewhat 
comparable, one may 
expect a general sea- 
sonal decrease of narin- 
gin while the fruit is at- 
tached to the tree and 
the rate of respiration 
becomes slower and 
translocation o r de- 
struction o f naringin 
continues. But local 
conditions which speed 
up respiration might 
temporarily offset the 
15 / 5 general seasonal tend- 

ency of the ^ucoside to 

^ , diminish. The nann- 

FwtrEE 4.— -Seasonai <siianges m mean air temperattire (toeana for • J 

S-day periods procedlog collections) and in Uie (XJmposifcioii of the gm graphs (hgS. 2 and 
riad of Marsh grape&Tiit £nsn Oasis, Calif., with respect to na- aKrt'rtr ■fInr'fniofirkTVQ 

rmgin, bytlrt^yia^^lysaoebaridfi^ and hydr{:^ea4oii oonoen- sno W nUCruaROnS 

tral^ The pH of the pulp is also ^own. whlch may be tonta- 

^ tively explained in this 

m an ner by noting the larger variations in the air temperature. 

The decrease m the averse, hydrogen-ion concentration of the 
Oasis grap^uit rind was equivalent to about one pH unit during 
season. The avera^ hydrogen-ion concentration in the pulp juice 
afeo doer^ised^ hat we change was very slight. 

The flftvedc^hedo ratio ohanged as saueh ^ 1 percent, but the 

charges were rather irr^uiar. v . 

It IS iateresring tq note &at the seasonal A the rind of 

grapefruit just record^ agree in gpieral o| investi- 
gators who have studied seasonal changes imm of 



grapefruit. In FIoxid&, ColBson fe 


and 
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invert sugars increased in the juice while the grapefruit was attached 
to the tree, but that the changes were not so marked as in oranges. 
Invert sugar began to break down toward the end of the season. 
Acid also decreased gradually from the beginning of the season. 
Lopez-Dominguez {17) made the foUowdng observations on seasonal 
changes in the juice of grapefruit grown in Puerto Rico: Total solids 
remained fairly constant, acid decreased steadily; total sugar increased 
gradually to a solids-acid ratio of 7 and then fluctuated; and invert 
sugar increased throughout the season. These results are in general 
agreement vuth the findings of Hawkins {H) for Florida grapefruit. 

Comparison op Stem and Blossom Ends 

AT FONTANA AND CORONA 

The data presented in table 2 have been arranged for comparing the 
stem-end and blossom-end portions of the rind of grapefruit from 
Fontana and Corona. The differences in composition recorded for 
these rind portions were surprisingly small in \'iew of the very much 
larger corresponding differences noted in the studies on Valencia and 
VTashington Navel orange rinds {IS), 

The stem-end rind had more water, reducing sugar, invert sugar, 
and soluble solids than the blossom end. The latter was Wgher in 
hydrolyzable polysaccharides and hydrogen-ion concentration, but, 
as mentioned above, none of the differences is large, and perhaps 
some are of ciuestionable significance in spite of the large number of 
analyses involved. 

Table 2. — A comparison of the chemical composition of Marsh grypefruit stem-end 
and hlossom-end rinds at Corona and Fontana and at Oasis^ Calif., during ike 
season of 1 BBSS 4 ^ 

CORONA Ar5D FONTANA, 1933 


j 

Portion of rind 

Water 

Reducing sugar 

Invert sugar 

Total sugar 

Narlngin 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Stern end 

Blossom end 

Pet 
81.6 
78 2 

Pet. 

1 80 3-82. 5 
72.9-79.5' 

Pcf 
25 23 
24.62 

1 

Pet. 

i 22.70-26.82 
23 41-26 27 

Pet. 

12.18 

11.50 

Pet. 

8. 35-17. 00 
7. 85-16 59 

i 

Pet. 

\ 37.41 
36 12 

* Pet. 

\ 35. 16-39. 69 
34.12-39.00 

Pet. 

1 7.31 
7.32 

Pet. 

\ 4 62-8. 31 

1 5.51-S.36 

Portion of rind 

Hydrolyzable 

polysac- 

charides 

Soluble solids 

Insoluble 

solids 

Hydrogeu-ion 

concentration 

Flavedo-albedo 

ratio 

Av- 
er- ! 
age 

Range 

i 

Av- 
er- 
age ; 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range , 

Av- 

age 

Range 

Stem end 

Bloesoni end 

Pcf. 1 
7.32 
7. 451 

1 

Pet. i 
aoa-«.68 

6w 11-0. 12 

Pet. 1 
70.2 

69.5 

Pet. 

66.0-73.3 

65.2-74,1 

1 

Pd. 

29.8 

30.5 

Pet. 

38.7-35.0 

26.9-34.8 

pH* 

6.45 

640 

pH ' 
6.26-6.66 
6.29-6^59 

^ . ! 

Pet: 

0.74 

.76! 

PeL 

0.68-0,78 
.65- .81 


t Ail valneB except ttws© for tbe water, hydrogen-loii coiMseaitratioii, and flavedo-albedo ratio are calai- 
lated oa the basis ol dry weight. 

* The writers are fiiUy aware that the averaging of pH v^oes, hero and alsewhere in this paper, Ss mathe- 
matScally cmsonnti, bat they believe that through the ranges shown the averages of pH valnes as ncmerioal 
entities are probably as sound biologically as the averages of the actual hydrogen-ion oonoentratiops or 
eQEiivaleot pH valnes, asad are oonsideraoly more convenient. 
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Table 2. — A comparison of the chemical composition of Marsh grapefruit stem-end 
and blossom-end rinds at Corona and Fontana and at Oasis, Calif., during the 
season of 1933-34 — Continued 


OASIS, 1933-34 


Portion of rind 

Water 

Reducing sugar 

Invert sugar 

Total sugar 

Naringin 

Av- 

er- 

age 

Bange 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Stem end 

Blossom end,-_ 

Pci 
77.4 
76 3 

Pci. 

74 7-81 2 
73 0-80.1 

Pet. 
20 73 
20.42 

Pet 

14 95-27 42 
13.50-26 65 

Pet 
9.04 
10 33 

Pet 

7. 09-12.60 
7 77-15.39 

Pet 

29 77 

30 75 

Pet 

22.29-34 51 
21.27-36.61 

Pet. 

6 76 
6.17 

Pet 

4.68- 9.84 

4.69- 8 57 

1 

Portion of rmd 

Hydrolyzable 

polysac- 

charides 

Soluble solids 

Insoluble 

solids 

Hvdrogen-ion 

concentration 

Flavedo-albedo 

ratio 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Stem end 

Blossom end 

Pci 

11,92 

11.34 

Pet. 

9 44-15. 50 
8 30-14, 26 

Pet. 

60 9 

61 2 

Pet. 

51 4-6.5 4 
53. 7-68 3 

Pet 
39 1 
38. S 

Pet. 

34,6-48 6 
31 7-4a3 

pin 

6,24 

6.22 

pH 

5 78-6.79 
6. 70-6. 61 

Pet 

0 81 
.89 

Pet. 

0. 76-0 88 
. 82-1. 04 


* The writers are fully aware that the averaging of pH values, here and elsewhere m this paper, is mathe- 
matically unsound, but they believe that through the ranges shown the averages of pH values as numerical 
entities are probably as sound biologically as the averages of the actual hydrogen-ion concentrations or 
the equivalent pH values, and are considerably more covenient. 

Naringin and the flavedo-albedo ratio were approximately the 
same in both rind portions. 

The total average difference for all substances in the two ends was 
3.4 percent. The corresponding average differences in the Valencia 
and Wellington Navel orange rinds were about 13 and 11 percent, 
respectively. 

AT OASIS 

Table 2, which also presents the data for the stem and blossom ends 
of the rind of Marsh grapefruit from Oasis, shows that the difference 
between the two ends was even less than that in the rind of grape- 
fruit from the Fontana-Corona district. The total average difference 
was only 1,3 percent. 

COMPAEIBON OP FlAVE1>0 AND AlBEDO 

Table 3 shows the chemical composition of the flavedo and albedo 
of p"apefruit from Fontana and Corona. The differences in com- 
p<^tion of these tissues were very small, the total averaM difference 
being only 2.2 percent. The coiresponding difference between the 
flavedo and albedo for Valencia and Washington Navel oranges (IS) 
had been found to be about 10 percent and 16 percent, respectively. 

Table 3 also offers a comparison of the Qavedo and albedo of grape- 
fruit from Oasis. The two tissues show significant differences in 
regard to some substances. The flavedo was oonsideiFably higher than 
the albedo in inve^ sugar, total sugar, and soluble solids. Tne albedo 
was higher in naringin, hydrolyzable polysaccharides, and hydrogen- 
ion concentration. The total avera^ drffearence was 3.3 percent, or 
nearly equal to the corresponding difference in Valencia oranges (IS). 
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Table 3. — A comparison of the chemical composition of grapefruit flavedo and albedo 
at Corona and Fontana^ and at Oasisy Calif. j during the season of 1933-34 ^ 


CORONA AND FONTANA, 1933 


Portion of rind 

Water 

Reducing sugar 

Invert sugar 

Total sugar 

Naringin 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Flavedo 

Albedo 

Pet 
79 4 
80.3 

Pet 

77.5- 80 8 

79. 6- 80.9 

Pet 

25 00 
24.85 

Pet 

22 76-27. 10 
22. 74-26 23 

Pci 
11.79 
11 89 

Pet 

7 93-15. 75 

8 27-16 84 

Pet 
36. 79 
36. 74 

Pet 

35 03-39.04 
34 26-38 39 

Pet 

6.38 

8.26 

Pet. 

4. 17- 7 87 
5. 96-10.35 

Portion of rind 

Hydrolyzable 

polysac- 

charides 

Soluble solids 

Insoluble 

solids 

Hydrogen-ion 

concentration 

Flavedo-albedo 

ratio 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Av- 

er- 

age 

Range 

Flavedo.- 

Albedo 

Pet. 

6 26 
8 51 

Pet. 

5 42- 7. 48 

6 88-11 31 

Pet 

71 4 
68 3 

Pet 

68 3-74 8 
61.9-72 5 

Pet. 
28 6 
31 7 

Pci 

25. 2-31. 7 
27.5-38 1 

pH 

6 72 
6 14 

pH 

6 52-6 94 
6 96-6.30 

Pet. 
0 74 

Pet. 

0 71-0 77 


OASIS, 1933-34 


Portion of rind 

Water 

Reducing sugar 

Invert sugar 

Total .sugar 

j Naringin 

Av- 

er- 

age 

1 

Range ' 

Av- 

er- 

age 

Range 

1 

Av- 
er- 1 
age 

Range 

.Iv- ! 
or- i 
age 

Range 

Av- 

er- 

age 

Range 

Flavedo.-- 

Albedo- - 

Pd. 

76 7 

77 0 

Pci. \ 
72. 7-81, 3| 
74. 6-80. 0 

Pd. 

20.06 

21.00; 

Pet. 

11 58-27 73 
16.87-28.33 

Pel. 

10.94 

8.43 

Pd. 

5 37-15 28 
5 01-12. 73 

Pci 

31 OO 
29.52 

Pd. 

16.95-36.15 

25.62-32.60 

Pd.! 

4.80; 

8.16 

Pd. 

3. 01- 8. 24 
6.85-10,17 

Portion of rind 

Hydroly sable 
polysac- 
charides 

Soluble solids 

Insoluble 

solids 

Hydrogen-ion 

concentration 

Flavedo-albedo 

ratio 

Av- i 
er- i 
age 

Range 

Av- 

er- 

age 

Range 

Av- 

la:- 

ago 

Range 

Av- 

er- 

age 

Range 

1 

Av- i 
er- 1 
age 

Range 

Flavedo 

Albedo 

Pd. 1 

10.27 
112 99| 

Pd. 

7 46-14.09 
10 28-16.67 

Pd. 

64.3 

67.7 

Pd. 

53, 8-70. 1 
5L3-63 4 

Pd 

35.7 

42.3 

Pci. 

29.9-46.2 

36.6-48.7 

1 

pH 

6.64 

6.93 

pH ! 

6 88-7 07 
6.60-6w34i 

1 

Pd. 

0.81 

j 

Pd. 

0.75-L04 


* All values eseept those for the water, hydrogen-ion contjentratlon, and flavedo-albedo ratio are calculated 
on tte basis oC dry weight. 


It is interestiag to note tk^t the grapefruit from Oasis showed less 
difference between the stenohend and blossom-end rinds and more 
difference between flavedo and albedo than did the grapefruit from 
Fontana and Corona. The same relation was noted in a similar 
<x>mparison between Valencia and Washington Navel orange rinds {1&)^ 

CoMPAEisoN OF Fbtut feou Biffbeent Locaijties 

Table 4 presents a comparison of the composition of graprfruit 
rinds from fltie three localities from which fimts w^e obtaawd. 

71.^4 8— " S 
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Fontana and Corona values were averaged, as shown in the third line 
of table 4, in order to be in agreement with the other comparisons in 
this study. 


Table 4. — Comparison of the chemical changes in the rind of Marsh grapefruit in 
different localities during the season of 1933 ^ 


Locality 

Ueduc- 
Water ing 
sugar 

Invert 

sugar 

Total Nann- 
sugar gm 

Hydro- 

lyzable 

poly- 

saccha- 

rides 

Solu- 

ble 

solids 

Insolu- 

ble 

solids 

Hydro- 

gen-ion 

concen- 

tration 

Fla- 

vedo- 

albedo 

ratio 


Percent Percent 

Percent ’ 

Percent Percent 

Percent 

Percent 

Percent 

pH 

PcL 

Corona 

80 00 24 02 

i 12 62 

36 64 7 64 

7 40 

70 00 

30 00 

6. 30 

0. 77 

Fontana 

79. 70 25 Sa 

11 07 

36 90 6 98 

7.37 

69 70 

30 30 

6. 55 

.71 

Average 

79 85 24 93 

1 n 85 

[ 

36 77 7.31 

! 7.39 

69 85 

30. 15 

6 43 

.71 

Oasis- - 

1 

76. 80 20. 58 

9 69 

1 ^ 

30 27 6 47 

11 03 

61 00 

39.00 

6 24 

.81 


» All values except those tor water, hydrogen-ion concentration, and flavedo-albedo ratio are calculated 
on the basis of dry weight. 


When the individual values of the three localities are examined 
separately, it becomes evident that the Fontana and Corona rinds 
agree more closely in composition than either agrees with the Oasis 
rinds. This fact tends to justify the present plan of handling the 
Fontana and Corona data together and contrasting them with the 
Oasis data. Of the two former, however, the Corona showed a 
slightly closer resemblance to the Oasis rinds. 

The average of the Fontana and Corona rinds was higher than that 
of the Oasis rinds in water, reducing sugar, invert sugar, naringin, and 
soluble solids. This higher sug^ content of the Fontana and Corona 
rinds was rather surprising. The Oasis rinds were higher in hydro- 
lyzable polysaccharides and hydrogen-ion concentration, and had a 
lai^er flav^o-albedo ratio. 

DISCUSSION 

In the forgoing presentation of data on the composition of the 
Marsh grapefruit rind consideration has been given to seasonal 
changes, dilferences between stem and blossom ends, flavedo and 
albedo, and the possible influence of local or climatic environment. 
Measurable cbanges and differences were noted in most of these 
comparisons. In this and in another report on citrus rinds (IS), the 
writers have placed some emphasis upon such differences because of 
the possible relation of some of them to^ subsequent pitting and 
spotting of citrus rind in storage or during transportation. For 
example, it has been pointed out that if the stem-end rind differed 
ooiasiaerably in composition from that of the blossoap end and was 
much more subject to spotting, then those difference in composition 
might be associated with the cause or causes of ti^^^ouble. Again, 
coiresponding diffeareaces in the oomporition of A^Bvedo and albedo 
might he of impoirtande in determining or spotting 

orfeinated in one or the other of 

in the comparison of stem- and bloeom h ' it was noted 

not only that grapefruit showed ie^ diffeswoe th^se portions 

than did oranges, but also that while the stiff noticeable 

in the Fontana-Corona rin<b it was very small in the Oari© rind. 
But in the comparison of Savedo and albedo it was noted that the 
difference'between these tissues was greatear at Oasib than at Fontana 
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and Corona, and less in rinds of fruit from all these localities than in 
the orange rinds. 

That there can be no hard and fast interpretation of such differ- 
ences as may be recorded in total seasonal averages seems obvious. 
But there may be some- 
thing of considerable 
value, theoretically, in 
observing variations in 
the differences between 
the various tissues in 
relation to changes in 
the season and in the im- 
mediate en\uronment. 

The matter of this sea- 
sonal differencebetween 
rind tissues has been 
discussed in the report 
on orange rinds (13). 

It is referred to again 
because the graphs rep- 
resenting these seasonal 
differences (figs. 5 and 
6) show how extremely 
variable are the rela- 
tions in regard to com- 
position between any 
two tissues of the rinds 
under comparison. 

The average value of the difference for the season as a whole is often 
small as compared with differences that may appear at various times 
during the season. Changes may occur in the rind at a given period 

that are a complete 
^versal of the trend as 
indicated by the seasonal 
averages. 

The Fontana-Corona 
average seasonal differ- 
ence in the two ends was 
recorded as 3.4 percent, 
yet the graphs of figure 5 
show generally less than 
this figure. The much 
larger percentage of 
water in the stem end 
helped greatly to in- 
crease the seasonal aver- 
age difference. At the 
second collection the 
difference in water con- 
tent between the rind of the ends of the fruit was about 5 percent 
greater than the normal seasonal difference. Naringin was ir^her in 
the stem end at the first and third collections, but lower at the second, 
fourth, and fifth collections. Reducing sugar, usually higher in the 
stem end, was lower at the fourth collection. 



FKiL’rk fi.— Seasonal changes in the differanoes between tbe average 
composition of the stem end and blossom end of the rind of Marsh 
rapefruit from Oasis, Calif., with respect to wabM", rednclng and 
Invert sngiff, and naringin Positive values indicate the stem 
and higher than the blossom end and negative values the reverse. 



Figure 6 —Seasonal changes in the differences between the average 
composition of the stem end and blossom end of the rmd of 
Marsh grapefruit from Corona and Fontana, Calif, with respect 
to water, reducing and invert sugar, and nanngm. Positive 
values indicate the stem end higher than the blossom end and 
negative values the reverse. 
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At Oasis, where the arer^ge seasonal difference between stem end 
and blossom end was 1.3 percent, an ainoimt scarcely considered 
significant, figure 6 shows that there were many variations in respect 
to individual differences. The tissues show a different relation to 
each other in respect to composition at every collection date. Na- 
ringin, which was higher in the stem end through four collections, was 
lower at the fifth collection. Water and sugars varied constantly in 
their interrelationships, 

The foregoing data indicate that, when it is said that one portion of 
the rind of a citrus fruit contams more of a certain substance than 
another, it should be made plain whether one is speaking generally or 
of specific instances. Apparently almost any relationship can be 
found between rind tissues on occasion, and these occasional changes 
may have much to do wdth the subsequent behavior of citrus rinds. 
It seems clear that the interrelationships of substances in the various 
portions of the rind can be modified relatively rapidly and signifi- 
cantly by weather conditions. 

STORAGE STUDIES 

So far no reference has been made to findings that might relate time 
of picking, composition of rind, location, etc., to pitting and spotting 
of grapehuit in storage. The rinds used in the studies just reported 
were analyzed directly from the field, and therefore had no oppor- 
tunity to develop spotting. However, for each lot of fruit used in 
the field studies a corresponding lot was collected and placed in storage. 
At the end of the storage periods these were inspected and later 
analyzed. The principal aims of these studies were (1) to determine 
some of the general chemical changes occurring iu grapefruit rinds 
during storage, (2) to note the relation of such changes to the pre- 
viously determined condition of the rinds at the time of picking, (3) 
to correlate the findings with the susceptibility of the riuds to pitting 
and spotting, and (4) to study the effects of various substances and 
treatments on pitting and spotting. 

MATERIALS AND METHODS 

The grapefruit used in the main storage experiments were from the 
same sSected Marsh grapefruit trees that furnished the material for 
studies of rinds in the field. At the time that most of the field 
collections of grapefruit for immediate study were made, additional 
lots were taken for storage under different conditions. The relation 
of the former to the latter and to the season is shown in figure 7. 

The stora^ temperatures employed were 32^ to 33®, 42®, and 61® 
to 52^ F.; mey fluctuate throu^ a relatively narrow range, the 
greatest variatkm being in the 32® to 33® room. Throughout the 
paper the temperatures are referred to simply as 32®, 42®, and 62®, 
unless there is need to mention the earaet t^mperatOTe. In the three 
storage rooms an average relative humidity of S4, 87, and 89 percent, 
respectivdy , was main^med. The leagttt of the storage periods was 
generally about 6 weefea. At the caad of &at time inspections were 
made for pitting and spotting, and the rinds were prepared for 
analysis. 

The methods of preparing ami analpdbg the rinds were identical 
with those described in pirevmus reports {iS^ 14 $ S4)- ^ ih the field 
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studies, the rind was separated into four parts, as follows: Stem-end 
flavedo; stem-end albedo; blossom-end flavedo; and blossom-end 
albedo. The analyses of the rinds included the determination of 
water, soluble and insoluble solids, reducing sugar, ^ invert sugar, 
naringin, hydrolyzable polysaccharides, and hydrogen-ion concentra- 
tion. The juice from the pulp was examined only for hydrogen-ion 
concentration and titra table acidity. 

MAIN STORAGE EXPERIMENTS 

Two collections for storage comprising three lots each were made 
during the season at Corona and Fontana, and five were made at 





FiGuai 7. — Diagram showing relationship of ston^e lots to the various field collectiona: A, COTona and 

Fontana; B, Oasis. 

Oasis. In fact, at the latter location there was a collection for storage 
corresponding to every field collection for immediate use. 

The results of the investigations of the rinds of these grapefruit 
after storage will be presented separately for the two principal 
districts involved. The Corona and Fontana grapefruit rinds behaved 
very much alike qualitatively in ataost every detail noted. On the 
other hand, the behavior of the rinds of the Oasis fruit differed in 
several respects from those of Corona and Fontana. 

Bbsceiption of the Storage Lots and Inspectionb 

The first Corona and Fontana storage lots correspond to the second 
immedmte field collections picked April 28 and May 1 in the two 
respective locations and placed in storage. The fruit was 

firm and well-colored when picked, but could not be ccmsidered 
further advanced than early maturity. At the time of removal from 
storage the fruit was still firm in ail three storage rooms. The 
effects of tempemture and other storage corwiitions on pitting and 
spotting of the rinds are presented in table fi. 
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Table 5. — -Effect of storage temperature and date of picking on pitting^ and spotting 
of Marsh grapefruit grown at Corona and Fontana and at Oasis, Calif., 1933—34 


CORONA AND FONTANA, 1933 


Date of 
collec- 
tion 

Location 

Lot no. ^ 

1 1 

Storage 

period 

j Storage 
tem- 
[ pera- 
ture 

Relative 

humidity 

Pitting and spotting 

Weight- 

ed 

average 

Range 

j Slight 1 1 

Sev'ere V 

Total 

im 




Days 

op 1 

Percent 

Percent 

i Percent 

Percent ] 

Percent 

Apr. 28 



r 6 

1 42 


88 

84-92 

5 

0 

5 




! " 

42 

42 ! 

85 

79-89 

13 

50 

63 




8 

42 

32 1 

84 

83-90 

30 

0 

30 

July 21 

Corona 


1 9 

46 

52 : 

87 

82-94 

16 

0 

16 




10 1 

4b 

42 

85 

78-89 

30 

33 

63 




[ 11 

46 

33 

79 

75-85 

10 

7 

17 

May 1 



[ ^ 

42 

51 

88 

84-92 ! 

5 1 

0 

5 





42 

42 

85 

79-89 

24 

76 

100 




1 S 1 

42 

32 

84 

83-90 

3 i 

27 

30 

July 24 

Fontana ! 


1 9 

44 

52 

87 

82-94 

10 1 

0 

10 




10 : 

44 

42 ! 

85 i 

78-89 

31 ! 

60 

91 




[ 11 j 

44 

33 

79 

75-85 

51 i 

21 

72 


OASIS, 1933-34 


Nov. Q 



6 

33 

52 

89 

87-94 

0 

0 

0 




7 

33 

42 

87 

83-91 

0 

100 

100 




8 

33 

33 

86 

79-91 

0 

0 

0 

Dec 11 



9 

37 

52 

94 

93-95 

0 

0 

0 




10 

37 

42 

86 

76-90 

25 

26 

60 

im 



11 

37 

32 

81 

76-89 

0 

0 

0 

J 3Zl* IS 



12 

44 

52 

89 

80-90 

0 

0 

0 


C oachella Valley 


13 

44 

42 

88 

79-91 

22 

8 

30 




14 

44 

33 

88 

1 82-93 

6 

12 

18 

Mar. 1 



15 

39 

51 

89 

! 84-93 

0 

0 

0 




16 

39 

42 

89 

1 85-92 

34 

8 

42 




17 

39 

33 

88 

83-92 

35 

18 

53 

Apr. 9 



18 

42 

62 

I 90 

i 86-94 

1 ^ 

0 





19 

42 

42 

‘ 93 

91-95 

64 

28 

* 92 




20 

42 

33 

89 

i 

86-91 

t 54 

44 

! 98 


1 Slight pitting anfi spotting meludes only such cases as were not considered of commercial importance 
Severe pitting and spotting feclades all cases which might affect the commercial value of the fruit. A 
ratter arbitrary stan^d involving both sixe and numbw of spots had to be adopted for such judgments 


The second Corona and Fontana storage collections (lots 9 to 11) 
corresj^nd to the fourth field collections for immediate study. They 
were picked July 21 and July 24 at the two respective locations and 
placed in storage at once. The fruit when picked was somewhat less 
firm than the previous collection because of its considerably advanced 
maturity and the prevailing warmer weather. It was also less firm 
at the end of the storage period, but was not seriously shrunken. 
The condition ^ regards pitting and spotting is given in table 5. 

TTie first Oasis storage collection was picked November 6 and placed 
in storage the same day. It corresponds to the first field collection 
for immediate study. The fruit was rather dark ^een, and the date 
of picking preceded the first commercial picking by about 3 weeks. 
The fruit was firm when removed from storage, and that which had 
been at 52^ F. was beautifully colored and entirely free from storage 
blemishes. That from 42*^ was severely pitted and spotted, and in the 
occasional areas from these blemishifS there was considerable 
green color re m ai nin g. %at from 32° wa^ almost as green as when 
placed in storage, but entirely free from storage juts or spots. Plate 1 , 
A~C, shows the appea^ce of lots after storage. The results 
are given numerically in table 5. 
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The second Oasis storage collection was picked December 11 and 
placed in storage the same_ day. The color of the fruit was light 
green, and commercial picking had been in progress about 3 weeks. 
On removal from storage the fruit that had been held at 52° F. was a 
clear yellow and entirely free from storage blemishes ; that held at 
32° still retained some green color but was also free from blemishes; 
but that held at 42° was badly pitted and spotted, although less so 
than the corresponding first storage collection (table 5). 

The third Oasis storage collection was picked January 15 and placed 
in storage the same day. The fruit was fully colored and film, and 
represented prime harvest maturity. At the end of the storage period 
it was the least pitted and spotted of any used in the Oasis storage 
experiments (table 5). 

The fourth Oasis storage collection was picked March 1 and stored 
the same day. The fruit was not so firm as that of previous collec- 
tions, but still was in 
very good condition. 

In storage the spot- 
ting had become 
rather serious at 32° 

F. and the injury had 
increased somewhat 
at 42° (table 5). 

The fifth Oasis 
storage collection was 
picked April 9 and 
stored the same day. 

The fruit was notice- 
ably past prime har- 
vest condition. The 
effects of higher air 
temperatures and 
advanced maturity 
were indicated by 
lack of firmness, large sizes, and 














Al 





5 












1 __ 1 

















^ 1 









o 


i_ 



\ 




.jUrt AS, 


Figure 8.— Seasonal changes in susceptibility to pitting and spotting 
of Marsh grapefruit from Oasis after storage at 32® and 42® P. No 
pitting or spotting at 62® 

hollow cores.’' In storage this 
fruit pitted and spotted almost as badly as the November collection 
(table 5), although the number of ''severe” cases was not so large. 
The response of the Oasis grapefruit rinds to the storage conditions 
furnished is shown in figure 8, 


Relation of Pitting and Spotting to Time of Picking and Temperature of 

Storage 

The variation in the effects of the different storage temperatures 
with the season of picking was very interesting. In the fruit from 
Oasis at 52° F. there was no pitting or spotting of grapefruit picked at 
any stage of maturity; but at 42° every fruit of the November ccJlec- 
tion was severely affected with storage spots. The December cdfeo- 
tion had about one-half as much spotting as the first, but not ali 
fruits involved were seriously affect^. The January ooii^tioh showed 
the least susceptibility to spotting but in later collections spotting, 
increased greatly. 

The same variation in susceptibility to storage spotting with 
tions in temperature and stage of maturity was indicatea by 
havior of the two storage collections &om Uorbna and ffonta^. 
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Hrst collection from both localities showed a very high susceptibility 
to spotting at 42° R, but low at 32°, but in the second collection spotting 
increased greatly at 32° in the Fontana fruit. There were only traces 
of pitting and spotting at 52° in any of the Corona and Fontana fruit. 
These two storage collections are believed to correspond as regards 
maturity to the second and fourth Oasis collections. 

It should be emphasized that the types of spotting or pitting which 
occurred at 42° and 32° F. were noticeably diherent. The spotting or 
pitting at 32° usually involved very small islands of tissue. These 
were similar to the characteristic “pock’’ or the small, sharply sunken, 
but almost colorless blemishes commonly occurring on California 
grapefruit exported to England. Another type of spotting at 32° 
was small, shallow, and reddish in color. In one lot at 32° there devel- 
oped a sort of soft scald. The spotting or pitting occurring at 42°, 
however, usually involved large irregular areas which were more or 
less discolored and often showed concentric rings marking their 
development. In addition, coalescence of spots frequently occurred. 

When the grapefruit was brought from storage at 32° to 33° F. and 
held either at room temperature or at 52° for a few days, it usually 
developed severe spotting. These spots resembled the characteristic 
42° rather than the 32° spots. 

Taking the results of the storage tests as a whole, there is little 
doubt that a temperature of 40° to 42° F. produced more spottii^ of 
California Marsh grapefruit than the other temperatures used. This 
conclusion seems to be corroborated by the impublished observations 
of a number of other workers. Although temperatures below 42° may 
not produce so much spotting in storage, they tend to render grapefruit 
more susceptible to spotting after removal to higher temperatures. 

For more than a decade workers (I, 8j 9, 14j Ih, 16, 19) in various 
parts of the coimtry have attempted to determine the best storage 
conditions for grapefruit- Such investigations have not led to a 
general agreement, and at present it seems very improbable that there 
will ever he a satisfactory recommendation that grapefruit should be 
held at a certain definite temperature and relative humidity. The 
situation is too complex to have a simple solution. Some of the 
important factors to be taken into consideration are variety, the sec- 
tion of the country where the fruit is grown, the districts within those 
sections, the cultural treatment of the grove, stage of maturity of the 
fruit, weather conditions at time of picking, and the various packing- 
house treatments. The importance of most of these factors is now 
I recognized and some effort is being made to integrate them sufficiently 
I to allow special and practical recommendations to be made, at least for 
^ the different citrus-growing districts. The readiness with which 
grapefruit fmm the Afferent districts become infected by mold and 
other organisms may sometimes require the recommendation of a 
storage temp^ture known to be far from ideal for the best control of 
stoi^e spotting. The same.pro^jedure may be necessary in order to 
avoid the development of too deep a color in storage at the higher 
temperature®. 

Considering only the physiolo^ of CaJifomia Marsh grapefruit 
rack as regards spottiM^»i fitting in storage, there remains little 
doubt that a temperature of 50° to 55° F., or somewhat higher, and a 
relative huinidity of approximately OO^rcent would be much better 
than anything below these values*. These results are in agreement 
with those of Brooks aad MeCoUoch {1} for Florida grapefrrut. 
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Chemical Analysis 

CORONA AND FONTANA 

In table 6 are summarized the chemical changes recorded for the 
Corona and Fontana grapefruit rinds in storage at different tempera- 
tures. For each storage temperature the data presented are the 
combination of both storage collections from the two localities and for 
all portions of the rind. Each figure in the table is the average of 32 
determinations. 

Table 6 . — Effect of storage temperature on the co7nposition of the rind of Marsh 
grapefruit grown at Corona and Fontana, Calif, 


[Percentages except water are on dry-weight basis, each figure being the average of 32 determinations} 


Item 

No 

storage 

52° F. 

42° F. 

32°-33° F. 

Water - Percent _ . 

Reducing sugar... do 

Invert sugar do 

SO 1 

79 1 

79 6 

79 5 

24.68 
12 91 

29. 62 
2.69 

30.33 

3.60 

23 85 
11 40 

37 49 

32 21 

33 93 

36 25 

Naringin - do 

Hydrolyzable polysaccharides do 

Rolnhlft sr»bdR_._ do 

8 03 
7.28 

70.5 

29.5 
.76 

6.40 

3 09 

3 33 

7. 40 
7.56 
68.1 
31.9 

76 

6 10 

3 08 
3.30 

6.91 

7. 41 
68.4 
31.6 

71 

6 97 i 

3.06 

3.30 

6.38 
7,44 
69.6 
30 4 
72 
6 29 
3.09 
3 17 

Insoluble solids do 

Flavedo-alb^o ratio do — 

Pulp juice pH-. 

Acidity L.. - -.ml.. 



1 As milliliters of N/i acid per 10 ml of juice. 



Figure 9.— Effeot of stor^e temperature on the sugar cwsteat of the rind of Marsh grapefruit jdcfced at 
di^ent tim^; average of fruit from Oorona and Fontana. 


The water content of the rinds changed only slightly during storage, 
but tended to decrease. Total sugar invariably decrea^, this 
decrease being least at 32"^ F. and greatest at 52^. This and other 
points referred to below are shown graphically in figiues 9 and 10. 
Reducing sugar always increased at 52"^ and 42^, the increase bei n g 
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about tlie same at both temperatures (fig. 9). At 32^ there was little 
change in the amount of reducing sugar, although a slight decrease 
was noted. 

Invert sugar decreased strikingly at all temperatures except at 
32° F., at which the decrease vras shght. Although the difference in 
temperature between the storage rooms was 10° the amount of 
inversion of sucrose ^ was nearly the same at 52° and 42° but very 
much less at 32°. Apparently there is some critical point lying 
between 32° and 42° where the action of invertase in the rind tissue is 



10. — Effect of stwage tempOTature on hydrolyzable polysaccharides, narlngin, and hydrogen-ion 
coaoeotratk^ii of the rind (A Mar^ grajiefrait picked at different times; average of fruit from Corona and 
Fontana. 


strongly inhibited. Invertase, acting upon sucrose solutions in vitro 
at the three storage temperatures, did not show a corresponding break 
between 32° and 42°. At the two higher temperatures inversion 
apparently proceeded faster than the products were used in respira- 
tion — a supposition that accounts for the increase of reducing sugars 
noted at these temperatures. The same behavior of the^ifferent 
sugars in storage as outlined above wa&moted in every portion of the 
rind for both localities. The actual amount of inversion at the higher 
s^rage temperatures depended on the original sucrose content. The 
higher the latter the mo^ the inversion, but tiae percentage of sucrose 
that remained was practically always the salne regardless of the original 
content. 

a The term “sucrose” has generally been avoided; however, the writ^ are obtain that “invert sugar” 
of this report is derived almost wholly snerose. 
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Naringin in the Corona and Fontana rinds usually decreased at all 
temperatures (fig. 10), the decrease being greatest at 32*^ F. and least 
at 52°. Naringin, ^ however, does not always decrease in storage. 

In a few instances it increased in the Corona and Fontana rinds, and 
as will later be shown, the synthesis of naringin in the Oasis rinds in 
storage was the usual occurrence. ZoUer (24) reported a rapid 
hydrolysis of naringin m grapefruit during storage, but the conditions 
of storage were not given. It has since been stated repeatedly by 
Hawkins (14, and others (7,18) that naringin decreases in storage, 
but without indication that actual determinations of naringin had 
been made. The studies of the vmters on the behavior of naringin 
and hesperidin, and those of the senior wa*iter on phloridzin, have 
shown that in living tissue separated from the tree, the phenolic 
glucosides will be hydrolyzed or synthesized, depending upon certain 
conditions which are poorly understood. ^ The difficulty of under- 
standing seems to lie in the fact that a seemingly very slight change in 
the environment may determine the direction of the reversible 
reaction. The condition of the tissue when collected is apparently 
an important determinant of the subsequent behavior of the glucoside. 
In any case no one can say ^ to date that naringin has decreased in 
storage without determining it in each instance. 

Determinations of the hydrogen-ion concentration showed that 
active acidity increased, except in a few instances, at 32° F. At 42° 
the increase was greatest in such a large proportion of cases that the 
tendency may be considered as unmistakable. It was more or less 
expected that the increase in acidity would be least at 32° and greatest 
at 52°, but that it should be greatest at 42° was surprising. 

During these studies a number of observations were made which 
indicate that the reactions going on in grapefruit rinds at 42° F. were 
veiy different from those at the other two temperatures. Of course, 
it is possible, and is sometimes indicated, that many of the same basic 
reactions may go on at 32° as at 42°, but if so they are probably unable 
to manifest themselves at the lower temperature. These facts appear 
to have special significance in view of the further fact that storage 
pitting or spotting was much more severe at 42°. However, it is not 
intended to imply that any of the chemical or physical reactions 
observed as happening at 42° are directly responsible for the storage 
pitting or spotting, although they may be associated in the same 
complex of reactions that cause the storage maladies. 

The increased acidity at 42° F. is particularly interesting because 
high acidity was positively correlated with naringm contSit in all 
field and storage lots from every locality.'^ The Ihigher the acidity 
the higher was the coefficient of correlation. This may indicate only 
that fetb naringin and active acidity are at times fairly good index^ 
of the relative rate of metabolism. 

Hydrolyzable polysaccharides changed very slightly in any of the 
lots (fig. 10), but apparently they decreased during the storage periods 
Soluble solids gave about the same restilts. 

A comparison of the chemical composition of the fiavedo and albedo 
and of the stem and blossom ends or grapefruit rinds in the field wm 
given earlier in this paper. The data from the present storage worik; 

* Tb© f&llowijig coeflS^dents of cocreiatkm of uaria^ and adive addfty inay T^o of iot^eelK , 

stowo s&mpiles of Oo?wa aaa<i rontetna gay© only, arid Fea-tana* r , 

©ad Said aiid Jot© at r*>a.88=t;0,0S. • 
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sliowed the relations between the two tissues and the two end rinds 
to be so nearly like those described for the field samples used for 
immediate study that a sepai‘ate presentation of a corresponding set 
of comparisons seems unnecessary. 

The rinds of fruit from Corona and Fontana had much the same 
chemical composition and behaved similarly in storage. In general, 
the Corona rinds had slightly more invert sugar and less reducing 
sugar than the Fontana rinds. Active acid, naringin, and other 
substances examined were practically the same in the rinds from 
each locality. In storage the responses of these substances to the 
different temperatures were essentially the same. The rinds- in the 
first storage experiment from both localities showed a slight tendency 
to synthesize naringin in storage, that is to say, naringin increased 
somewhat at and 42° F. in the Corona rinds, but such differences 
are of doubtful importance, except as shovdng that small fluctuations 



Figub-b 11. — Effect of stca:^e temperaturie on the sugar content of the rind of Marsh grapefruit from Oasis. 


were taking place in the eq^uilibrium between naringin synthesis and 
hydrolysis. The possible consequences of a failure of the tissue to 
tie up naringenin, the derivative of naringin, is discussed later. 

The relative susceptibility of the rinds of the two localities to 
pitting and setting may be noted by referring again to table 5. 
Altho^h the Fontana rinds show up a little worse than the Corona, 
the differences are such that macrochemical analyses cannot be 
expected to disclose what is really significant. 

OASIS 

The summarized data showing the changes that took place in the 
rinds of the Marsh grapefruit in storage, from Oasis, are presented in 
table 7. For each stora^ temperature the values given in the tables 
are the averages of all collections and all portions of the rind. Each 
figure is the avera^ of 40 determinations. 

Moisture conditions in the storage rooms were such that there was 
very little change in the water content of the rinds. At 52° F. there 
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was no appreciable change, and at 32° and 42° there was an average 
decrease of less than 1 percent during the storage period. 

Total sugar decreased in storage at all temperatures (fig. 11). 

Table 7. — Effect of storage temperatures on the composition of Marsh grapefruit 

grown at Oasis, Calif, 


IPercantagas etcapt water are on dry-weight basis, each figure being the average of 40 determinations] 


Item 

No stor- 
age 

52° F 

42° F. 

CO 

Water Percent-- 

Reducing sugar du 

Invert sugar do 

Total — do ' 

Naringin - do 

76 S 

77.0 

76.1 

76 0 

20 67 

9 69 

22. 89 

2. 69 

23 45 

3 65 

21. 86 
8,06 

30.36 

25.58 : 

27. 10 

29.92 

6 47 
11.62 
61.0 
39.0 

6 23 
3.28 

2 48 

7. 73 
11. 63 
58.9 
41.1 

5 90 
3. 35 

2 66 

7. 95 
11.33 
59.8 

40 2 

5. 91 
3.28 
2. 50 

S. 17 
11.13 
61 7 
38.2 
6.04 
3 33 
2.43 

Hydrolyzable polysaccharides do 

Soluble solids -- -- —.do 

Insoluble solids -do — 

Pulp juice - - pH- 

Acidity 1 - - ml- 


1 As ml of N/L acid per 10 ml of pulp juice 


Reducing sugar increased slightly at all storage temperatures 
(fig. 11 and table 7). The increase at 32° F. was largely at the 
expense of the polysaccharides, for the amount of inversion of sucrose 
at that temperature was probably not enough to satisfy the require- 
ments for respiration. The increase of reducing sugar at the two 
other temperatures was due mostly to the rapid inversion of sucrose, 
for there was only a slight hydrolysis of polysaccharides at 42°. 
Although there was extensive inversion at 52°, the respiration at the 
higher temperatures prevented the increase in reducing sugar from 
exceeding the corresponding increase at 32°. 

Invert sugar decreased at all storage temperatures (fig. 11). Inver- 
sion in the Oasis rinds was the same as in the Corona and Fontana 
rinds — that is, slight at 32° F. and rapid at 42° and 52°; also the rates 
were very similar at the last two temperatures. 

Naringin increased at all temperatures (fig. 12). This synthesis 
of naringin was most pronoxmced at 32° F. and least at 52°. 

It has been mentioned that naringin usually decreased in storage in 
the Corona and Fontana grapefruit rinds, and that the decrease w^ 
greatest at 32° F. The reversal of this entire situation at Oasis will 
be mentioned again, but it may be added here that the averse change 
in naringin content of the different Oasis storage collections at all 
temperatures was in general in increasing order and that susceptibility 
to storage spotting was in the same but decreasing order with the 
exception of the fifth collection, which spotted nearly as badly as the 
first. The overmature fruit of the fifth collection behaved excep- 
tionally in other ways, but the significance of the conditions whiA 
favor nariagin synthesis in the rinds cannot be stated. The ^tual 
naringin content at the time of picking paralleled the susceptibility 
graph except for the fifth collection, when susceptibility increased 
and naringin decreased. 

Soluble soKds increased slightly at 32° F,, but decreased at tbe 
other temperatures (table 7). ' ^ “ 
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The actiye acidity of the rinds always increased in storage, most at 
52*^ F. and least at 32° (fig. 12). The active acidity of the pulp juice 
in storage showed little change, but so far as could be noted it was 
downward. 

The flavedo-albedo ratio increased at the two highest tempera- 
tures, but decreased at 32° F. These changes in value of the ratio 
seemed to be due mainly to the albedo, which often showed a greater 
versatility in response to different conditions than the flavedo. 

OASIS COMPARED WITH CORONA-FONTANA 

The data presented above deal entirely with the averages of all 
storage collections. Limitations of space prevent the presentation of 
the mass of data that would be required to show the size of deviations 
from the average condition that occurred in the rinds of individual 



fiauas 12.— Effect of stCHrag© tempea-ature on hydrolyzable polysacscharides, naxingin, and bydrogen-Ion 
oonoentration of the rind of Marsh grapehiut from Oasis picked at different times. 


collections or even in separate portions of the rinds in each collection. 
FiguM 9 to 12, however, give a general idea of the variations between 
individual collections with respect to the substances represented. 
The first storage collection from each of the three localities showed a 
tendency to respond somewhat differently from the later collections. 
Hiis is thought to have been due to the immaturity of the fruit at 
the time Sieoe collections were made, especially the mst one at Oasis ; 
otherwise a description of the behavior of the rinds of one collection 
would serve for the average of all. This statement is not so true for 
the seiwate portions of riie rinds of individual collections in which 
there were a mimber of exceptions, but even for these it is true in the 
main. For example, nstringin, which usually cannot be expected to 
behave in a very regular maimer, not only showed a ^neral tendency 
to be ^ynthesiz^ in the Oasis rinds in storage, but responded in 
the same way in most of the portions of the rinds of ah coEections. 
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There were five exceptions in the stem-end rinds, three in the fiavedo, 
and one in the albedo for all collections at all temperatures. 

Total sugar in the Oasis rinds at the beginning of storage was about 
7 percent less on a dry-weight basis (actually, not relatively) than in 
the Corona-Fontana rinds. This lower sugar content at Oasis was 
surprising, but the fact was tentatively attributed to the effect of 
conditions accompanying the winter harvest season as compared with 
the summer harvest season at Corona-Fontana. As compared with 
the fruit from the latter location, there was an average of more than 
10 percent less water in the Oasis rinds at the beginning of storage; 
active acidity was also greater, but the naringin content Avas 1.50 
percent lower. (See tables 6 and 7.) These and other differences in 
the original composition of the rinds may have been responsible for 
the differences subsequently noted in their behavior in storage. 

Possibly the outstanding difference between the fruit from the two 
localities was the decrease of naringin in storage in the Corona- 
Fontana rinds and its corresponding increase in the Oasis rinds. The 
lower original sugar and naringin content, together with a higher 
active acidity in the Oasis rinds, might have been important factors in 
the observed synthesis of naringin in storage. The positive correla- 
tion between naringin content and active acidity was high, especially 
after storage, and this correlation was still higher in the above- 
average ranges of acidity in all collections and imder all conditions of 
storage. 

The hydrolyzable polysaccharides increased slightly in the Corona- 
Fontana rinds, but decreased at 42° F., and especially at 32°, in the 
Oasis rinds. 

There were several other differences noted in the chemical responses 
of the grapefruit rinds from the two localities. The variations men- 
tioned at least show that such tissues are capable of making opposite 
responses to a given experimental storage treatment and that the 
direction of the response is apparently determined by the internal 
condition of the tissue at the beginning of storage. These and other 
chemical responses recorded emphasize the possible variability of rind 
tissue and help toward a realization of the complexity of the problems 
encountered in the storage of citrus fruit. 

MISCEIJLANEOUS STORAGE EXPERIMENTS 

During the course of the main storage experiments an opportunity 
was found from time to time to carry out certain minor experimente 
suggested by apparent trends of the incoming data. However, 
because of the time elapsing between collections and the opportunity 
for examination of data from them, the larger number of these 
trends were observed too late to follow the leads with the same season^s 
fruit. The minor experiments undertaken are reported below. 

Transfer of Grapefruit From One Storage Temperature to Another 

At the end of r^ular storage periods there were often extra lots 
of grapefruit which from time to time were transferred to a differ^t 
temperature and held for further observation. The behavior of the 
rinds under such circumstances, as regards spotting, was sometimes 
rather striking. The previous storage conditions seeadied to efect 
greatly the response to a second temperature. Of course this ii a 
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situation quite generally known, but the details of such responses 
under given sets of conditions are of considerable interest. The only 
special undertaking by the waiters to investigate this phase of the 
storage problem w^as one small series of storage experiments. 

The grapefruit was collected at North Claremont, Calif., February 
1, 1934, from a tree that belonged to a group previously selected to 
furnish fruit for other phases of the work. Nine lots of fruit were 
picked and placed in storage the same day at temperatures of 32°, 
42°, and 52° F. Twenty-two days later all lots were inspected, then 
two lots from each storage room were transferred, one to each of the 
other two rooms. After 25 days more a final inspection was made. 
The results of both inspections are presented in table 8. 

Table 8 . — Effects of transfer from one temperature to another on spotting of Marsh 
grapefruit in storage, using fruit grown at Claremont, Calif. 


Lot no. 

Stor- j 
age 
tern- 

Spotting after 22 days 


pera- 
ture ! 

Severe 

Slight I 

Total 

1 

1 

52 

Percent 

0 

Percent 

0 

Percent 

0 

2 ... 

52 

0 

0 

0 

3 

52 

0 

0 

0 

4 - 

42 

0 

28 

28 

5 

42 

0 

31 

31 

fl 

42 

0 

15 

15 


32 

0 

0 

0 

8 -_ 1 

32 

0 

I 0 

0 

9 

i 

32 

0 

1 

10 

1 

10 


Lot no. 

Temperature 

Spotting after 25 days 
more 


From — 

To— 

1 Severe 

Slight 

Total 


°F. 

i 

°F. 

Percent 

Percent 

Percent 

1 

52 

52 

0 

; 0 

0 

5 

42 

1 52 

15 

19 

34 

8 

32 

52 

0 

15 

15 

4 

42 

42 

18 

19 

I 37 

2 

52 

42 

0 

5 

5 

9 

32 

42 

10 

29 

39 

7 

32 

32 

14 

14 

28 

3 

52 

32 

0 

5 

5 

6 

I 42 

32 

29 

24 

S 53 


It wiU be seen that there was very little spotting during the first 
storage period and that nearly all of it occurred at 42° F. No spotting 
was produced on the fruit held through both storage periods at 52°, 
and very little on the fruit held at 52° for the first storage period and 
then transferred to 42° and 32° for the second period. The fruit 
held at either 42° or 32° for the first period continued to spot after 
it was transferred to 52°. Lot 6, winch was changed from 42° to 
32°, fared somewhat the womt. 


Gas Storage op Grapefruit 

In reporting the acidity changes observed in grapefruit rinds during 
storage, ^ attention was c^ed^ to the fact that in an overwhelming 
proportion of the determinations the active acidity was greatest in 
rmds stor^ at 42° F., as compared with those at 52° and 32^. Pitting 
and Slotting of the rinds was also most prevalent at 42°. Without 
^ennung any can^ relationship between j^ese two factors, it was 
trongnt worth while to undertake a few experiments to determine 
the poesjble effects of some volatile acids md bases and other sub- 
s^nces m fhe pittu^ and spotting of grapefruit in storage, on the 
chaa^ JhM |he p^nction of the^ blemishes might be accelerated 
or on the reaction of the attnc^phere surrounding 

the^t. The of the^ reported below. 

- wm started June md. Grapefruit was 

picked from ^ a Seleeted ^np ^ Montana. Ss lots of 

fruit were enclosed m large desiccators and held in storage at 
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52°, 42°, and 32° F., there being two lots at each temperature. 
One lot was exposed to the fumes from an acetic acid solution (100 
ral of glacial acetic in 2.5 1 of water); the other was kept over water 
as a check. 

On July 6 the fruit at 42° F. in the acidified chamber showed 
well-defined beginnings of pitting. Two days later pitting and spot- 
ting had increased at 42°, but there was none in any of the other lots. 
The final inspection was made July 28, with the foUovfing resiilts: 
At 52° there was no pitting or spotting either in the acidified or the 
check lot; at 42° four of the check fruits were slightly pitted, but the 
acidified fruit was all badly pitted around the stem end; at 32° the 
checks showed no pitting or spotting, but the acidified fruit showed 
a few small pits and traces of brown stain or scald. 

The acidified atmosphere seemed clearly to have aggravated the 
pitting of the rinds, especially at 42° F. The pitting or spotting 
which followed acidification of the surrounding atmosphere appeared 
similar to the usual storage pitting and spotting. 

The hydrogen-ion concentration of the rinds of the six lots was 
determined after the gross inspection. Of the three check lots, that 
from 42° F. showed the highest active acidity. The acidified lot at 
42° gave approximately the same value, but the acidified lots at 52° 
and 32° were higher in acidity than their corresponding check lots, 
but not so high as either of the 42° lots. 

A second gas-storage experiment was started July 28, 1933. The 
fruit was from the tree used in the first experiment, and in all other 
respects this experiment was a duplicate of the first. 

By August 3 all acidified fruit held at 42° F. had begim to pit. 
No other lots were yet affected. On August 5 the acidified lot at 
32° showed slight pitting, and the pittmg had increased at 42°. 
Final inspection was made September 19. At 52° . the check lot was 
firm and sound, but all the fruit of the acidified lot was badly pitted 
and spotted; at 42° nearly all the check lot was slightly pitted, but 
the acidified lot was entirely and very severely pitted and spotted; 
at 32° one check fruit was slightly pitted, but the acidified fruit was 
aU severely pitted, although not so severely as at 42°. All the check 
fruit from 32° pitted and spotted severely within 24 hours after 
removal from storage. The general results of this second experiment 
were practically the same as those of the first. 

A third gas-storage experiment was started August 10, 1933. 
The chambers used were earthenware jars of 3-gallon capacity. 
Panes of glass sealed tightly to the tops of the jars by means of 
modeling clay served as covers. The fruit was from the same 
source and the storage temperatures were the same as in the i>r©ceding 
gas-storage experiments. There were 10 lots which received the 
following treatments: 3 check lots over water only; 3 lots over acetic 
acid solutions (same strength as before) ; 3 lots over dilute ammonia 
solution (5 ml of 28-percent NHg hr 2.5 1 of water) ; and 1 lot ov^ a 
6-percent ethyl alcohol solution. This last lot was stored at 42° F.j 
and the others were distributed among the three storage temperature®. 
By August 21 the ammonified lots ^oWed disooloratkms m a residt 
of the too high concentration of ammonia, and the frpit was removed 
from these chambers and replaced with freshfmit. The aGmaoniaecte 
lion was Uien diluted to one-tenth its previous concwferaliom r 

7ie48--s« i 
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August 23 the acidified fruit at 42^ and 52° had begun to pit. No 
other lots up to this time were affected. 

The final inspection was made September 19, with the following 
results. At 52° F.: Check lot, one fruit slightly pitted; ammonified 
lot, all soimd; acidified lot, all severely pitted and spotted. At 42°: 
Check lot, one fruit severely spotted; ammonified lot, four fruits 
slightly pitted; acidified lot, all fruits severely pitted and spotted; 
alcohol lot, four fruits slightly pitted. At 32°: Check lot, all sound; 
ammonified lot, all sound; acidified lot, all slightly to severely pitted 
or spotted. 

The hydrogen-ion concentration of the rinds was determined after 
inspection. All lots were most acid at 42° F. The order of increasing 
acidity at every temperature was (1) ammonified, (2) checks, and 
(3) acidified. At 42° the lot over alcohol was the least acid of all 
at that temperature. 

A fourth gas-storage experiment was started September 21, 1933. 
The grapefruit came from one of a group of selected trees near 
Corona. The arrangement of the different lots was the same as in 
the third experiment, except that there were nine chambers and 25- 
percent ethyl alcohol replaced the ammonia solution in the three 
corresponding lots. 

On September 26 the fruit in the acidified lots at all temperatures 
had pitted, slightly at 32° F. but severely at the other temperatures. 
The acidified fruit was then removed from^ the three chambers, the 
acid solution replaced with ammonia solution (0.5 ml of 28-percent 
NHs solution in 2.5 1. of water), and fresh grapefruit was added. Final 
inspection was made November 16. It should be noted that the 
ammonified lots were in storage 5 days less than the others. The 
results of the inspection placed the lots in the following order as 
regards increasing amounts of pitting and spotting and other storage 
blemishes: 52°, check; 52°, ammonified; 42°, alcohol; and 42°, 
ammonified. The check and the lot over alcohol at 52° were in 
perfectly sound condition and the 42° ammonified lot was rather 
severely pitted and spotted. ^ 

The results of the foregoing experiments on grapefruit in atmos- 
pheores to which considerable quantities of certain substances had 
been added indicate that acetic acid accelerated and enhanced 
pitting or spotting, and that alcohol and very dilute ammonia re- 
tarded it- Alcohol seemed also to have retarded the development of 
yellow color in storage. The experiments were not extensive enough 
to allow a determination of optimum concentration of ammonia or 
alcohol, and further work on the problem might be justified. 

Nelson {19) reported the results of experiments in which he enclosed 
oranges and grapefruit in jars with various organic chemicals, includ- 
a nimaber of aldehydes, esters, and alcohols. In other experiments 
by various iiaeans he excluded oxygen from the fruit. Many of these 
treatments producsed injuries to the linds that resembled closely those 
which appear conmmnly in storage. The result of such tests and 
of those ^|)orted in tms paper have no necessary connection with 
storage pitting and spotti^. do^ howeyeaf!, demonstrate that 

if a cell, or an island of cel&, of oitins 3nnd fa injured by almost any 
means, the manifestations of that injxiry are Kkdiy to resemble the 
blemish^ which occur 'haturally^* in stm:age. Tim writers, in an 
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experiment with Valencia oranges, used 15 organic chemicals of the 
anesthetic type. The apparently characteristic types of storage 
injuries frequently occurred in the various lots, and in several in- 
stances (e. g., with ethyl chloride, anHnonium thiocyanate, and ether) 
single lots e^diibited almost the entire gamut of the common types 
of storage injuries. 

Pebmeabilitt 

It seemed desirable to secure some idea of the relative permeability 
of grapefruit-rind tissue as affected by different temperatures and 
treatments. Some simple experunents were accordingly conducted. 
These were not designed to be critical permeability experiments, and 
perhaps the word ‘^permeability^' is inappropriate; the results ob- 
tained, however, seemed to indicate some definite effects of temperature 
on the integrity of rind tissue. 

The first permeability study was made September 19, 1933, the 
fruit used being representative of each lot from the third gas-storage 
expeidment after the final inspection. The stem-end rinds were taken 
for pH determinations and the blossom-end rinds for the permeability 
test. The albedo and flavedo of each storage lot were separated 
from each other, 75-g samples of each were weighed out, and then 
recombined. The resulting 150-g lots of fresh tissue were rinsed with 
distilled water and transferred to l-liter Erlenmeyer flasks, and 750 
ml of distilled water was added. The flasks were then placed upon 
a turntable which in revolving gently jolted and stirred the samples. 
The average temperature during the period of the experiment was 
about 70° F. After 24 hours the water was poured off through 
cheesecloth into 1-liter volumetric flasks and made up to volume. 
Then 900 ml from each flask were transferred to beakers and placed 
on a water bath to reduce the volume of the sample. Later these 
samples were transferred to evaporating dishes to complete evapora- 
tion and for final weighing. The flavedo and albedo tissues remaining 
in the flasks were discarded. After the weights of the solids which 
had exosmosed from each lot of tissue had been obtained, the solids' 
were redissolved in water and made up to 1 liter for the determination 
of reducing sugar. 


Table 9, — Total solids and reducing sugars exosmosed from 160 g of living Marsh 
grapefruit rind after storage at different temperatures and atmospheres 


storage tem- 
I)erature 

c r.) 

Treatment 

Total 

solids 

Eeduo- 

ing 

sugar 

Storage tem- 
perature 

r.) 

Treatment 

Total 

solids 

Reduc- 

ing 

sugar 


[Normal 

Grams 

11.33 

10.96 

10.62 

12.27 

1L63 

Grams 

L96 

1.65 

L68 

2.31 

1.89 

42— 

/Acidic 

Grams 

1L37 

11.86 

12174 

1L95 

11.8s 

Grams 

1.86 

i.n 

1.98 

L47 

a.68 


1 A 

42 

t Af'Wif' _ 

32 

1 rv 1 wu JhI u li v • 

[Nomoal 

fNonnal 

j Basic 


— 


i Acidic 


The resiflts of the two operations described above are presented in 
table 9. The rinds from the 42° F. storage appeared to be the meet 
permeable to reducing sugar, but the amount of total solids exosjoaosed 
was greatest from the 32° and least from the 52° storage 
The check lots seemed to have been most permeable to bo& 
sugar and tot^ soluble solids at all temperatures. The 
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positions of the various lots at each temperature do not seem definite 
enough for comment. This permeability test dealt with more factors 
than is usual in such experiments, particularly since the lots used had 
been held at various temperatures, so that there were differences 
among them in chemical composition aside from any permeability 
differences that may have been caused by differences in temperature. 

A second permeability experiment was started October 27, 1933, 
with grapefruit from Corona and Fontana, which was picked on 
September 12 and 14, respectively. In the intervening time this 
fruit had been stored at 52°, 42°, and 32° F. The stem-end rinds 
only vrere used. The flavedo and albedo were separated, and 150 
g of each constituted the samples, of which there were 12 (2 localities, 
3 temperatures, and 2 portions of the rind). The samples were rinsed 
with distilled water. They were run on a turntable continuously for 
68 hours at an average temperature of about 70°. After the joltmg 
and stirring the solutions 'were filtered off. The amount of solution 
recovered from the tissues varied wuth the sample. ^ The amount of 
water required to make the filtrates up to their original volume was 
always greater for the albedo than for the flavedo tissue, greatest for 
the 52° tissue and least for the 32°, and greater for the Corona than 
for the Fontana rinds. 

The filtrates were evaporated to dryness and the amount of total 
soluble solids determined. The results are presented in table 10. 
It will be seen that the apparent permeabihty of the flavedo was 
greater than that of the albedo. It may have been, however, that 
the greater movement of water into the albedo tissue during the 
experiment tended to decrease the rate of diffusion of the solutes 
outward. The permeability, as regards total soluble solids, was 
again greatest at 32° F. and least at 52° for all situations except 
possibly one in the Fontana albedo. 


Table 10. — Total solids exosmosed by the flavedo and the albedo of 150 g of living 
Marsh grapefruit rinds after storage at different temperatures 


storage temp^ture (° F.) 

Corona 

Fontana 

Flavedo 

Albedo 

Flavedo 

Albedo 

52 

Grams 

6.60 

6.98 

7,26 

Grams 

5 30 
5.68 

6 61 

Grams 

7.47 

8.28 

9.78 

Grams 

5 . 69 
5.62 
6 99 

42. 

33 . . 



The third permeability experimeat was started January IS, 1934, 
with grapefruit from Oasis, which was pM^eth^ecember 11, 1933, and 
placed m stor ag e at 52°, 42°, and 32° F., where it remained imtil 
Januaiy 17. The rinds of the three storage lots were separated into 
stem-end ftavedo, blossom-end flavedo, stem-end albedo, and blossom- 
end albedo. Tins division gave a total of 12 samples of 

150 g each. Tb© samples were rmsed in water, j^^pKrred to 1-liter 
Erlemneyer jSasfe, and 650 ml of disrilled added. The 

flasks were then to a storage room in wMdRbe average tem- 

perature was about 34°. into each fia^ was piao^fe ^ass tube which 
reached to the bottom, while tlie oth^ ond wa^ s^iSSnected by rubber 
tubing to a manifold having 12 ou^dts, Tii ftianifold was then 
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connected through a pressure-reducing valve to one of the com- 
pressed-air lines of the ice plant. Air was released from each outlet 
at the rate of about 5 1 per hour. The bubbles of air rising through 
the tissue and solution in the flasks kept the samples both aerated 
and stirred. The decrease in volume of solution in the flasks, due to 
evaporation and absorption by the tissue, was made up to mark from 
time to time by additions of distilled water. 

The experiment ran continuously until January 28, when the flasks 
were brought into the laboratory. The solutions were filtered off into 
1-liter volumetric flasks and made up to volume. A 100-ml portion 
was taken from each flask for determination of reducing sugar and 
the remainder was used for total solids. 

When the rind portions were removed from the flasks after the 
solutions had been poured off, they were moist-dried between filter 
paper and reweighed. The gain in weight of the tissue over the 
original 150 g plus the weight of the total solids exosmosed gave the 
amount of water absorbed by each lot during the experiment. 

The results of the third permeability experiment are presented in 
table 11. The data show that the loss of reducing sugar and total 
soluble solids increased as the storage temperature was lowered. 
The amount of water absorbed by the flavedo tissue was in the same 
direction, but even more strongly marked. The absorption of water 
by the albedo did not vary much with the previous temperature 
treatment, although the total amount was nearly 10 times that 
absorbed by the flavedo. There seemed to be a somewhat greater 
permeability shown by the blossom-end flavedo and the stem-end 
albedo. Motz and Haas { 16 ) found a greater general permeability 
at the stem end of grapefruit. It has been shown that at the close of 
the storage period of the fruit used in these permeability tests the 
reducing sugar was considerably more abundant in the rinds held at 
52° and 42° F. than in those held at 32°. Yet these last rinds sub- 
sequently lost more reducing sugar during the permeability tests than 
the 42° and 52° lots, thus indicating even more strongly that the 
greater permeability indicated at 32° was real. 


Table 11. — Total solids and rediidng sugar exosmosed froMf and amount of water 
absorbed by, stem- and blossom-end flavedo and albedo of 150 g of living Marsh 
grapefruit rinds after storage at different temperatures 


End 

Storage 

temper- 

ature 

Keducing sugar 
from — 

Total solids 
from— 

Water absorbed 
by— 

Elavedo 

Albedo 

i Flavedo 

1 Albedo 

Flavedo 

Albedo 

Stem - - 

°F, 

} 62 { 

} « { 

Grains 

1.29 

1.37 

Grams 

1.13 

Grams 

10 70 

11 27 

Grama 

9.20 

Grama 

28.9 

28,6 

Grama 

171 

178 


ATftrftgfl 



L33 

1.13 

10.99 

9.20 

; 28.7 

175 

Stem 


1.45 

1.33 


19,72 

9.78 

30.0 

31.6 

167 

195 


1.70 

12.27 

A^rorag©, 

L70 

1.39 

12.27 

30.25 

30.8 

381 

stem 

} ^ { 

3.86 

1.96 

1.67 
1.64 ^ 

14.37 
14.66 : 

32.10 

9,91 

357 

sil 

m 

184 

BTfwffytTn , 

Averag© 

1.90 

1,61 ' 

14.46 

13.01 

344 

' '';l^ 
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From these experiments as a whole, the conclusion is drawn that 
the permeabihty of the cells of grapefruit rinds to their own soluble 
constituents increased as the storage temperature was lowered. 
These findings are in agreement with those reported by Pantanelh (W) 
for endocarp tissue of the mandarin orange, although he worked at 
considerably lower temperatures. The increased permeabihty with 
the lowering of storage temperature might easily have an important 
bearing on the breaking down of fruit tissue in cold storage. The 
resulting increased ease of migration of certain harmful byproducts 
of metabohsm through the tissue could allow the initiation of abnormal 
and injxirious reactions. 

Earlier in this paper the Corona-Fontana and the Oasis rinds were 
compared in respect to the behavior of naringin in storage. In the 
former rinds naringin was hydrolyzed, and in the latter synthesized, 
in storage. Both the hydrolysis and the synthesis were greatest at 
32® F. The reasons for this latter situation are not apparent. It is 
possible, however, that the increased permeabihty found at the lower 
temperatures might have been partly responsible for it by permitting 
a more intimate association between the particular glucosidase and 
naringin. The increased permeabihty might thus ofl:*set the normal 
lowering of the activity of the enzyme, and so cause at 32® a more 
rapid hydrolysis or synthesis of naringin as the balance favored one 
or the other reaction. 

Conductivity 

When it was learned that the permeabihty of grapefruit rinds in- 
creased as the storage temperature was lowered it seemed desirable to 
determine what changes might take place in the conductivity of rinds 
under similar circumstances. Accordingly, a number of tests were 
carried out with grapefruit rinds from stor^e samples and from 
samples picked for immediate study. The instrument used was a 
Leeds and Northrup student potentiometer eq^uipped for conductivity 
measurements, consisting of a microphon hummer, telephone re- 
ceivers, and a conductivity cell of the (hp type. 

The first attempts were directed toward the measurement of the 
conductivity of the rinds in situ, but the results were so extremely 
variable that the method was abandoned. Subsequently the measure- 
ments were made on juice expressed from the rinds by using the dip 
type conductivity cell previously mentioned. The variabihty of the 
results was stiU too great to allow any conclusions except of the most 
general sort. The total range of resistance of the rmd juices, as 
recorded from about 200 determinations, made with the same cell at 
22® C., was 150 to 515 ohms. The range in any one storage series 
was usually less than 50 ohms. The trends shown by the data are 
presented below. 

(1) ^rher determinations seemed to show that the lower the 

storage teanperature, the greater was ^^^^ysonductivity, but so many 
exceptioi^ were later found that this iflPNtsion did not appear to be 
justified. ^ ^ 

(2) The dMFerence in conductiri^;^*fetweeii ^^-and hlossom-end 

rinds was very dight. The totm resistexce of all such de- 
terminations of the rinds oi ts^Bn for immediate study 

gave 339 and 330 ohms for the and blossom ends, respectively. 
Thus, there was a doubtful tend^aey toward h%her conductivity at 
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the blossom end. When the results of corresponding determinations 
on the storage samples were examined, the situation regarding stem 
and blossom ends was found to be reversed ; that is to say, the stem-end 
rinds showed the higher conductivity. 

(3) In all instances recorded the flavedo showed a higher conduc- 
tivity than the albedo, but the difference was less in the storage 
samples. This situation may help to explain the apparent reversal of 
conductivity of the stem- and blossom-end rinds in storage, since the 
stem-end lind had a larger proportion of albedo. 

Pectin Determinations 

In order to determine whether there is any relation between grape- 
fruit spotting and the condition of the pectic substances of the rind, 
a preliminary set of determinations was made on fruit which had 
been held in storage. 

The method used w^as developed from that given by Carr6 (S), and 
Carr6 and Haynes (4), and modified by Haller (10), Rosa (21), and 
Conrad (6). 

Fruit was collected on June 15, 1934, from previously selected trees 
and divided into three equal lots for storage at 36°, 42°, and 52° F. 
It was removed on July 24 for the determination of pectic substances. 
At that time all the fruit at 36° was severely spotted; aU at 42° was 
shghtly spotted; and all at 52° was sound. The pectic contents of 
the stem-end rind are given in table 12. 

Table 12. — Pectic content of the Flavedo and albedo of rinds of Marsh grapefruit 
grown at Claremont, Calif., and stored S9 days at different temperatures 


IFigures are in percentage calculated as calcium pectate on fresh- weight baas] 


Substance determined 

36° F. 

42° F. 

52° F. 

Flavedo 

Albedo 

Flavedo 

Albedo 

Flavedo 

Albedo 

Soluble pectic acid- 

Percent.. 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Soluble pectin - - 

do — 

.24 

.72 

.40 

.84 

.28 

.68 

Insoluble pectic acid--, 

do.^ 

0 

0 

0 

0 

0 

0 

Protopectin — 

do 

2 31 

1. 71 

2 66 

1.90 

2.44 

2.01 

Total 

do 

2.66 

2.43 

2.96 

2.74 

2.72 

2.69 

Protopectin : pectin 

ratio. - 

0.6 

2.4 

6.4 

2.3 

8,7 

3,0 


Soluble pectin was always higher in the albedo, and protopectin 
in the flavedo, the total pectic content being slightly higher in the 
flavedo. No pectic acid, either soluble or insoluble, was found in 
any sample. The ratio of protopectin to pectin always higher 
in the flavedo than in the albedo, the average being 8.2 and 2.6, 
respectively. 

There was no correlation between pectin content and ten^rature, 
on the one hand, and spotting of the fruit on the other. However, 
the soluble pectin content of the fruit held at 42° F. was higher, both 
in the flavedo and the albedo, th^ in that held at the other tem- 
peratures; this brought about a lowering of the ratio of protopeotin 
to pectin (in the combined flavedo and albedo) to an averse of 4,4 
at 42° as compared with 6 and 5.9 at 36° and 52°, respective^, 
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most serious spotting lias generally occurred at 42*^. More work 
needs to be done to determine whether there is any definite relation- 
ship between spotting and the condition of the pectic contents of 
the rind. 

Btjppee System 

The frequent tendency of the rind of grapefruit stored at 42*^ F. 
to be higher in active acidity than that stored at higher or lower 
temperature suggested the desirability of determining whether the 
different temperatures had different effects on the buffer system. 

The fruit used for this experiment was collected at Claremont on 
June 15, 1934, and various lots were stored at 36°, 42°, and 52° F. 
At the end of 5 weeks all the fruit at 30° was severely siiotted, that 
at 42° was slightly spotted, and that at 52° v/as sound. Only the 
stem-end rind was used. 



The method used was as follows: The fruit was peeled and the 
flavedo and albedo were separated. The rind was ground in a food 
chopper equipped with a nut-butter attachment. A 10-g sample 
was weighed out and 50 ml of water added and the mixture stirred 
well. Quinhydrone was then added and the mixture stirred again 
by means of a mechanical stirrer for 1.5 minutes before the initial 
reading on the potentiometer was made. The stirring apparatus 
consisted of two parts, one a glass paddle immersed in the liquid and 
constantly turning and the other a small turntable upon which the 
beaker was placed. In this manner the entire contents of the beaker 
were kept in continuous motion wliffe the acid or base was being 
added and the readings were being made, paddle and turntable 
were tm3(^ed by means of a ^nali electrio iiseotor. Tbe high viscosity 
of the material necessitated such aa Arrangement in order to 
get a uniform TOixing of the arid or base after each addition. 

aftOT the first reading was taken 0.1 ml of normal 
acid or base was added. Umi whole was allowed to rniv 1.5 nunutes 
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before determining the resulting pH. This procedure was repeated 
with the base till a pH value of about 7 was attained. When acid 
was used, 0.1 =ml portions were added till 0.5 ml had been added, 
after which 0.5>ml portions were added and later 1.0-ml portions, 
until about pH 1.5 was reached. 

In order to attain pH 1.5 it was necessary to add about 4,5 ml of 
normal hydrochloric acid to both the flavedo and albedo from all 
the temperatures. After this amount of acid had been added the 
pH of the flavedo was 1.50 in rind from the 3G° F. storage, 1.51 in 
that from the 42°, and 1.50 in that from the 52°. The corresponding 
pH values of the albedo were 1.44, 1.43, and 1.42, respectively. This 
shows no change in the buffer system brought about by differences in 
storage temperatures. The titration curves are given in figure 13. 

A rapid drop in pH oc- 



curred on the addition of 
the first few tenths of a 
miliniter of normal acid . In 
order to see whether there 
might be differences in this 
range too small to be ob- 
served with the concentra- 
tion of acid used, another 
series of titrations was car- 
ried through. One- tenth 
normal hydrochloric acid 
was used and the same 
quantities per reading were 
added as before. Only the 
albedo was tested. No im- 
portant differences were 
observed between the rinds 
held at the different tem- 
peratures. During the ad- 
dition of the first 0.6 ml the 
pH of the three rinds drop- 
.ped at the same rate (fig. 

14). From then until 1 ml had been added the drop in the pH of 
the rind stored at 36° F. was most rapid, next in that held at 52°, 
and smallest in that held at 42°, indicating the strongest buffer in the 
material from 42°. At this time the pH attained was 4.78, 4.85, and 
4.93, respectively. These relative positions were maint^ed with 
gradually diminishing differences until 10 ml had been added, when 
the pH values were 2.91, 2.91, and 2.94, respectively. At no time 
was there any indication of a destruction of any part of the buffer 
system during storage at a temperature of 42°. The titration curves 
with 0.1 normal acid are shown in figure 14. 

A repetition of this experiment wi& fruit from Corona and Fontam 
held at the same temperatures gave similar results. HoweTe^, wMh 
the Corona and Fontana fruit an average of 3.8 ml normal aci^ 
required to bring 10 g of the albedo to pH 1.5, and 5,6 ml 
flavedo. This compares with 4.5 ml for each flav^do^ ahd albedo 
sample from the Claremont fruit. 


Figure 14. — pH of the albedo of the rmdsof Marsh girapefirait 
from Olaremont, Oalif., after 5 weeks' storage at 4^^aQd 

62° F., after addition of various qoantita of N/10 HCl. 
Ten grams of freshly ground tissue in W ml of water was 
titrated with N/lO HCl as mdicated. 
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Injection Expebiments 

GENERAL 

Tests were made to determine the effects of certain substances, 
principally naringin and naringenin, when injected into living grape- 
fruit rinds. 

On October 23, 1933, a few grapefruit were set aside from a storage 
lot which was being preserved for chemical analysis. A 0.5-percent 
solution of naringenin, the phenolic derivative of naringin, was made 
up in 5-percent alcohol. Each grapefruit was given three injections 
of 1 ml of this solution by means of a hypodermic needle thrust diag- 
onally beneath the flavedo layer. The injected fruit was left in the 
laboratory for 24 hours. On dissection, some of the fruit showed a 
YOTy slight discoloration in the vicinity of the injection. The re- 
mainder of the fruit was taken to a cold room and left at —15° F. for 
24 hours, and then brought back into the laboratory and thawed 
rapidly. When the injected regions were cut across, a pink color was 
noticed. From time to time it had been noted that the albedo of 
fruit which had been held in storage at 42° often showed considerable 
pink color after being frozen in the hardening room in preparation 
for pH determinations. This pink color had not been noticed at 32° 
or 52° and its appearance now in association with naringenin was 
considered very interesting. 

In a second injection experiment the following solutions were used: 
(1) 1-percent solution of naringin in 5-percent alcohol; (2) 1-percent 
solution of naringenin in 5-percent alcohol; and (3) 5 percent of 
alcohol in water. The fruit was from Corona and Fontana and had 
been kept for 4 weeks at 52°, 42°, and 32° F. There were four fruits 
of each lot and each fruit was injected with 1 ml of each of the three 
solutions named. After injection they were left in the laboratory for 
40 hours and then frozen for 24 hours at — 15°. 

An exa m ination of the fruits after they had thawed showed no 
coloration around any of the injections in the 32° F. lots. All of the 
42° lots showed a pink color around the naringenin injection. At 52° 
the Fontana lot showed one case of pink color for the naringenin 
solution. No other solutions produced the pink color. 

On November 20, 1933, 27 grapefruit freshly picked at Oasis were 
injected and stored at 32°, 42°, and 52° F. for 12 days. The solutions 
used were 0.1 percent of naringin, 0.1 percent of naringenin in 5- 
peroent alcohol, and 5-percent of alcohol as a control. Injury was 
evident earii^ in the lots kept at 32° and 42°. By the close of the 
pepod all naringenin injections at all temperatures had caused serious 
injury in riie form of di^lored depre^ions 1 to 2.5 cm across. There 
were four tiuces of injury from 27 injections of the naringin solution 
but none with the control 5-percent mcohol solution. In general, the 
injuries were most severe at 42°. 

A fouxtii injection experiment was started on January 20, 1934, 
with feyt tfcat had been freshly picked at Cimreanont. Each fruit was 
iBjeeted mm 2^ of each of fire solutions, as follows: (1) Control, 5- 
poro^t of (2) 0.1 j^rcent of naringin in 5-percent alcohol: 

(E) 0.1 pen^t Of Mxingonin in 5-percent alcohol; (4) 0.028 percent of 
n anngenm m distped water; and (5) ferric chloride solution (2 drops 
of 50-percent solution to ITO ml of water). 
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Within 4 days the fruits injected with solution no. 3 showed injury 
at all three storage temperatures and solution no. 5 had caused dark 
depressions. An inspection on January 29 gave the following results: 
For solution no. 1, no injury evident; solution no. 2, no injury (all 
injections appeared exactly like the controls); solution no. 3, depres- 
sions and other evidences of injury around every injection (depressions 
smaller at 32"^ F.); solution no. 4, some injury, particularly lack of 
firmness around injections; and solution no. 5, darkening present in all 
cases. The darkening seemed to be mostly the characteristic reaction 
of ferric chloride with the naringin occurring naturally within the 
tissue. 

The appearance of the injected areas is shown in plate 2, A, B. 
A is a photograph of two fruits taken at random from the injected 
lots shortly after inspection and removal from storage. The 0.1- 
percent naringenin injections are facing forward in each case. The 
0.1-percent naringin injections are to the left, and the 0.02S-percent 
naringenin injections are to the right. The^ crayon circles on the 
fruits were in diflerent colors to aid identification of solutions. Plate 
2, jB, is a photograph of the same fruit shown in A but taken after the 
fruit had remained at room temperature for 24 hours. The photograph 
shows how the naringenin depressions had darkened and become more 
severe. 

A fifth injection experiment was planned to test further the effects 
of naringenin solutions of various strengths. The fruit used was 
from Claremont and had been in storage at 32®, 42®, and 52® F. for 
26 days. Five fruits were selected for each experiment, and each 
fruit was injected with 2 ml of the following solutions: (1) Check, 5- 
percent alcohol; (2) 0.1 percent of naringenin in 5-percent alcohol; 
(3) 0.05 percent of naringenin in 5-percent alcohol; (4) 0.01 percent 
of naringenin in 5-percent alcohol; (5) 0.005 percent of naringenin 
in 5-percent alcohol. After injection the fruit was return^ to 
the respective storage rooms. Inspection in 2 weeks gave the 
following results: At 32® all five fruits injected with solution no. 3 
showed sunken and darkened areas and two injected with solution 
no. 4 also were injured. All others were sound. Numerically the 
effects were the same at 42® and 52®, but the degree of injury was 
greatest at 32® and about the same at 42® and 52®. 

A sixth experimental injection was made on fruit selected from the 
same trees as for the fifth experiment. In the sixth experiment, how- 
ever, the fruit was injected on the day of picking instead of after a 
period in storage. The injections were like those in the fiftib experi- 
ment, and after injection the fruits were placed at the three tempera- 
tures previously used. Inspection was made after 2 weeks. At 32® 
F. all five fruits injected with solution no. 3 were badly affected, as 
were two of those mjected with solution no. 4. No omers were af- 
fected. At 52® there was no injury from solution no. 4. ^ At 42® && 
results were numerically the same as at 32®. ^ The relative seyeri^^ 
of injury at the different temperatures was in decreasing order ^ 
42®, 32®, and 52®, 

SrSCOTO TBSTS 

In the injection experiments described above xto made 

to keep the fruit from the different tre^ separate^ ^ The 
each picking was placed in one general lot before iniectfam, fee 
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sion being made later for storage at different temperatures. It was 
noted that certain fruit in the injected lots escaped, or almost escaped, 
being affected by the naringenin in solutions. Because of the possi- 
bility that these manifest differences in susceptibihty might be 
partly the result of differences in individual trees, all further injec- 
tion tests were made with fruit of definitely known origin. 

On February 16, 1934, 15 fruits from each of the 3 trees at Clare- 
mont were injected with 0.05-percent, 0.025-percent, and 0.01-per- 
cent naringenin solutions. After injection the lots were separated 
and placed at the three usual storage temperatures. In 4 days 
inspection indicated (1) that injury was most abundant and severe 
at 42^^ F., and (2) that the fruit from tree no. 2 was least injured and 
that from tree no. 3 most injured. 

On February 27 fruit was collected from the same three trees at 
Claremont. One set was used for the injection test and another for 
storage at the three temperatures. The injection solutions were 
0.03 and 0.015 percent of naringenin. After 5 days^ storage, inspec- 
tion showed that the injuries around the injections were most severe 
at 42° F. and that the fruit from tree no. 2 showed least and that 
from tree no. 3 most injiuy. 

The iminjected lots which had been placed in storage were in- 
spected for storage spots about 5 weeks later. There was only a trace 
of spotting at 52° F., but aU fruits at 42° and 32° were slightly spotted. 
The least severe spotting at the last temperatures occurred on the 
fruit from tree no. 2. 

These injection and storage tests were repeated on fruit from the 
same trees four more times, on March 19, March 31, May 5, and 
May 18, and each injected lot was held for 5 days at 42° F. The 
injection tests in every case showed least injury to fruit from tree 
no. 2 and most injury to fruit from tree no. 3. In the storage tests 
the fruit from tree no. 2 always showed the least severe spotting, 
but that from trees nos, 1 and 3 alternated their order in being most 
severely affected. 

^ In the tests started March 19 and March 31, fruit from 7 addi- 
tional trees was collected and injected, together with that from the 
original 3 trees, and held for 5 days at 42° F. In the first test with 
fmit from these 10 trees, the three lots least affected by the injec- 
tions were from trees 2, 4, and 6; those most affected were from 
trees 9, 8, and 10. In the second test the lots least affected were 
from trees 4, 5, and 6, and those most affected were from trees 9, 1, 
and 10. 

^ Smiiar injection experiments were conducted at about the same 
time with fruit from sdected trees at Oasis. The results need not be 
describcsd in detail, since they were in general similar to those secured 
from the eji^riments with fruit from Claremont. Both series of 
teste showed that susceptibility to injury from injections of narin- 
genin varied^ from tree to tree, but persisted in the same relative 
d^ree in frint from the same tree throi^b^ut the period of the tests. 

The rmulte of all the infection, tests with grapefruit show that 
naringenin is extreaaadt^ toxic to rind tissue. E^sept in the early 
tests the strongest solution used was 0.03 percent, but even the 
0.015-percent solution was much stronger than was nece^ary for 
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the most susceptible fruit. When the 0.015-percent solution wsis 
used, each injection consisted of only 0.3 mg of naringenin. This 
amount when injected into the albedo produced sunken and dis- 
colored areas 2 cm or more in diameter. Shght injury was caused 
by 0.05 mg of naringenin. On the other hand, naringin was only 
slightly toxic to lind tissue. Thirty to fifty milhgrams of naringin 
have been injected into grapefruit rinds without injuring them. 
The injuries caused by naringenin are frequently very similar to the 
common storage spot, both in shape and color, as plate 2, C, shows. 
These fruits had been injected with 0.6 and 0.3 mg of naringenin 
2 weeks earlier and held at 42° F. Discolored spots w'ere produced 
by both quantities of naringenin. 

The conclusion is not drawn, from the effect of naringenin on rinds 
recorded above, that this substance must be the principal cause of 
certain storage spots; it does seem very probable, how^ever, that 
grave injury to the rind would result from any metabolic disturb- 
ance that would either retard the synthesis of naringin from any 
naringenin present or hinder the rapid disposal of this derivative as 
freed by hydrolysis. Zoller (24)j in his study of naringin, pointed 
out the possible danger of naringenin to the tissue and suggested 
that certain pink spots might have been caused by it. In the present 
experiments it has been shown that naringenin is not only very 
effective in producing the more common sunken and discolored spots, 
but also that it produces a pink color in the albedo, which appears 
to be identical with that developing in uninjeeted rinds held at 42° F. 
and subsequently frozen. 

In general, the naringenin injuries were most severe ^ when the 
fruit was held at 42° F. for a few days after injection. It is an inter- 
esting fact that naringenin was most effective in causing spotting at 
temperatures that give the greatest amount of common storage 
spotting. If an extremely delicate and specific microcheroical test 
for naringenin were available some relation between this substance 
and storage spotting might be established. So far all the micro- 
chemical reactions of naringin and naringenin have been found to be 
the same. 

Other considerations arise from the results of the specific injection 
experiment in which the fruit of each tree was treated separately. 
There was a difference in susceptibility to naringenin injury in differ- 
ent fruits and there also seemed to be some consistency in the ap- 
parent susceptibility of fruit from different trees. In some instances 
this susceptibility to naringenin injury seemed to be correlated with 
the amount of stor^e spotting of fruit from the same trees, The 
susceptibility to naringenin injury seemed to vary with the stage of 
maturity in somewhat the same way as the tendency to spot in storage. 

SUMMARY 

Results are presented of two series of studies of the changes that 
take place in the rind of Marsh grapefruit, one in the field, the oth^ 
in storage. One of the field studies was carried out during the stnn- 
mer of 1933 in the general district that includes Fontana and Corona, 
Calif., and the other during the winter of 19^3-34 in a single locality 
nw Oasis, Calif. These localities represent two important climafiSe 
district concerned in the production of gra^pefruit. 
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Seasonal changes in the chemical composition of the rind from the 
three localities were as follows: (1) Water content showed a slight 
seasonal trend upward in all three localities, (2) The flavedo-albedo 
ratio at Fontana and Corona increased slowly to July 23 and then 
fell below the values found at the beginning of the season. The 
average ratios were 0.71 and 0.77, respectively. At Oasis the ratio 
fluctuated with weather conditions, the average being 0.81. (3) 

Soluble solids increased throughout the season in all three localities, 
except for a slight falling off at the last collection at Fontana and 
Corona. (4) Total sugar at Fontana and Corona increased steadily 
to July 23, then decreased; the graphs for total sugar paralleled 
those for mean air temperature. At Oasis total sugar tended to 
increase ^ through the season. (5) Invert sugar at Fontana and 
Corona increased to July 23, then decreased. At Oasis it did not 
change significantly until after the third collection, when it increased. 
The invert-sugar graph paralleled the mean air-temperature graph 
at Oasis and at Fontana and Corona. (6) The graphs for reducing 
sugar at Fontana, Corona, and Oasis were somewhat the inverse of 
the mean- temperature graphs. ^ (7) Naringin decreased in general 
through the season at all localities, but there were fluctuations due 
to local conditions, (8) Hydrolyzable polysaccharides showed a 
steady relative decrease through the season at all localities. (9) 
Hydrogen-ion concentration of the rind showed only a slight seasonal 
drop at all localities and that of the pulp juice changed still less. 

When the stem-end and blossom-end rinds were compared the 
following (Merences were found: (1) At Fontana and Corona the 
stem-end imd had more water, reducing sugar, invert sugar, and 
soluble solids than did the blossom end. The latter was higher 
in hydrolyzable polysaccharides and hydrogen-ion concentration. 
Naringin and the flavedo-albedo ratio were practically the same in 
both ends. (2) At Oasis the average differences between the stem 
ends and blossom ends were very dight except in invert sugar, in 
which the blos^m-end value was significantly higher. 

In a comparison of the flavedo and albedo it was shown that (1) 
the difference between flavedo and albedo tissues were smaller in 
the grapefruit rind than in the orange rind; (2) the differences were 
anaUer at Fontana and Corona than at Oasis; and (3) the flavedo 
was higher than the albedo in invert sugar, total sugar, and soluble 
solids, whereas the albedo w^ higher in naringin, hydrolyzable 
potysaccharides, and hydrogen-ion concentration. 

The Fontana and Corona rinds a^eed more closely in composition 
than either agreed with the Oasis rinds. The Corona rinds showed 
a somewhat closer resemblance to the Oasis rinds than did the Fontana 
nnds. 

The main storage experiments were conducted on fruit from Corona, 
Fontana, and Oasis, but the results of a number of miscellaneous 
storage experiments on grapefruit rinds are also presented. 

/ ^d spotting in relation to storage showed: 

w from all three localities pitted and spotted most severely 

at j42 F, and least at 52^, with 32*^ intermediate. 

(2) Mature fruit picked at Corona and Fontana early in the har- 
v^t period was more severely affected at 42^ F. than that picked in 
the latter part of the harvest period j at 33® this pitting ancl spotting 
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was the reverse of that at 42^; at 52*^ there was never more than a 
trace of storage blemishes.^ 

(3) The fruit from Oasis varied strikingly with the season in its 
susceptibility to pitting and spotting, when held at 32° and 42° F. 
No pitting or spotting occurred at 52°; but at 32° it increased as the 
season advanced. At 42° pitting and spotting reached their maximum 
early in the season, dropped to a mi n imum in midseason, and in- 
creased again toward the end of the harvest season. 

Chemical analyses of the rinds of Corona and Fontana grapefruit 
showed: 

(1) Water content decreased slightly at all temperatures. 

(2) Total sugar decreased at aU temperatures but least at 32° F\ 
and most at 52°. 

(3) Eeducing sugar decreased shghtly at 32° F. but increased at the 
higher temperatures. 

(4) Invert sugar decreased at all temperatures. The decrease was 
shght at 32° F., but striking and about the same at 42° and 52°. 

(5) Naringin usually decreased. The decrease was greatest at 32° 
F. and least at 52°. 

(6) Hydrogen-ion concentration increased at all temperatures. 
The increase was greatest at 42° F, 

(7) There was a high positive correlation between hydrogen-ion 
concentration and naringin content. 

(8) Hydrolyzable polysaccharides increased at all temperatures. 

(9) Soluble solids decreased slightly at all temperatures. 

(10) Rinds of the fruit from Corona and Fontana behaved essen- 
tially alike in all the reactions noted. 

Chemical analyses of the rinds of the Oasis fruit showed: 

(1) A shght increase in water at 52° F. and a shght decrease at 42° 
and 32°. 

(2) Total sugar decreased at 42° F. and 52°, but increased slightly 
at 32°. 

(3) Reducing sugar increased shghtly at all temperatures. 

(4) Invert sugar behaved almost exactly as in the Corona and 
Fontana rinds in all storage coUections. 

(5) Hydrogen-ion concentration increased in storage at all tem- 
peratures but least at 32° F, 

(6) Naiingin increased at all temperatures, most at 32° F. and 
least at 52°. The total naringin content showed a high positive 
correlation with hydrogen-ion concentration. 

(7) Hydrolyzable pmysaccharides and soluble sohds changed only 
slightly. 

A comparison of the Oasis and Corona-Fontana grapefruit rinds 
showed: 

(1) Differences in prestorage composition. 

(2) Naringin was hydrolyzed in storage in the Corona-Fontana 
rinds and synthesized in the Oasis rinds. 

MisceUanwus storage experiments showed: 

(1) Fruit held for one period at 52° F. and then transferred to 
temperatures spotted omy slightly; fruit held at eitiber 42° or 32° 
continued to spot when transferred to 52°. 

(2) Weakly acidified atmospheres aocelerated sutd ^dianced piiM^ 
and spotting, whereas weak alcohol and ammonia seemed to ret^d it. 
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Alcohol also retarded the development of yellow color in the fruit in 
storage. 

(3) The permeability of grapefruit rinds to their own soluble sub- 
stances increased as the storage temperature was lowered. 

(4) The conductivity of the flavedo was higher than that of the 
albedo, but this difference was reduced during storage. The differ- 
ence between stem and blossom ends was shght. Variability of 
conductivity in the same lots of tissue was relatively great. 

(5) Soluble pectin was higher in the albedo, and protopectin and 
total pectic substances were higher in the flavedo. No pectic acid 
was found in any instance. The soluble pectin content was highest 
at 42° F. and the protopectin-pectin ratio lowest. 

(6) No significant alteration of the buffer system due to storage 
temperatures was noted. 

Injection experiments showed: 

(1) When solutions of naringin and its phenolic derivative, narin- 
genin, were injected into the albedo of grapefruit rinds naringenin 
was approximately 1,000 times more toxic to rind tissue than naringin. 

(2) After rinds were injected with 0.1 to 0.6 mg of naringenin and 
held for 5 days at 42^ F., they often showed spots similar to those 
commonly observed in storage. 

(3) If rinds were injected with naringenin and held for a few days 
at 42^ F., then frozen and thawed, the injected areas showed a pink 
coloration similar to that sometimes observed in stored grapefruit. 
In rinds injected with dilute naringenin solutions the injury was most 
aggravated by holding at 42^^, which, of the three temperatures used 
throughout the storage experiments, caused the greatest amount of 
spotting. 

(4) Individual fruits showed different degrees of susceptibility to 
naringenin injxiry. Furthermore, the fruit of individual trees seemed 
to show collectively somewhat consistent relative susceptibility or 
immunity to injury from given quantities of naringenin. Usually, 
uninjected fruit from the extreme-case trees mentioned above, when 
stored for several weeks at 42^ F., developed degrees of storage 
spotting in rather interesting agreement with the susceptibility or 
immunity to naringenin injury previously noted for them. 
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THE HONEYBEE AND THE BEEHIVE IN RELATION TO 

FIRE BLIGHT ^ 


By E. M. Hildebrand, assistant professor of plant pathology , and E. F. Phillips, 

professor of apiculture^ New York {Cornell) Agricultural Experiment Station * 

INTRODUCTION 

The chief objectiye in fire blight control has been the eradication 
of hold-over cankers, since these cankers are known to be the principal 
source of primary inoculum in the spring. Consequently the pos- 
sibility suggested by Rosen {11, 12y that the fire blight organism, 
Erwinia amylovora (Burr.) Bergey et al., may overwinter in the 
beehive has complicated the problem by introducing one more possible 
source of infection. Following the appearance of Rosen’s first report 
in 1930, studies were begun in several States to determine the role 
played by the honeybee in the dissemination of the bacteria and to 
ascertain whether the bacteria overwinter in the beehive.^ The 
findings from New York, Ohio, and California detailed later, which are 
at variance with those from Arkansas, receive further support from 
this undertaking, an abstract of wMch has already been published (5). 

The fact that the honeybee is an important pollinating agent 
for fruit blossoms and that individuals from colonies of bees regularly 
visit flowers at a time when they are highly susceptible to infection 
by the fire blight organism makes this problem a most important one. 
It must, however, be remembered that the worker bees which visit 
blossoms are not those which have had contact with contaminated 
material the year before, since the life span of the worker is short. 
Normally no bee would be living in the colony at the time of visits 
to fruit blossoms which had been there the year before except the 
queen bee, and queen bees do not visit flowers. There remains, 
however, the somewhat remote possibility that in some manner the 
queen bee might be involved in harboring the fire blight oi^anism. 
Attention must also be directed to other places within the hive where 
the fire blight bacteria might remain, such as in honey or in other 
materials in and about the hive. These facts, then, center the 
investigation largely on the behavior of the bacteria when introduced 
into the hive, and it is on this point that special emphasis has been 
placed in this work. 

The chief aim of this investigation has been: (1) To determine 
the longevity of the fire bhght organism in the beehive when intro- 
duced through the natural chaimel in the food of the bees, but other 
aspects of the problem have also received attention, such as (2) the 
longevity of the bacteria in sugar solutions studied over a wide range 
of concentrations and temperatures; (3) the location of the bacteria 
in relation to the hf e-cycle stages of the insect; and (4) the extent oi 

* Received for publicatkm Uec. 6^ 103&; issued Juiie?^966. 

’ The writers are indebted to Dr. A. W. Woodrow# fonneny of the Department of Entomology, for 
assistaiKJe in handling the bees used In these studies. 

* ReSearenee is made by number (itaiio) to literature CHted, p. 809. 

* Sine© the environment witMn the beehive may be assmned to be virtually identical throughout the 
country the results from the sevoral States ^KWiId be in d(»© confwmfty with each crfd]^- 
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dissemination of the bacteria from the beehive to flowers in cages 
in the orchard. 

In the spring of 1932 during the course of observations on the con- 
duct of honeybees visiting pear and apple flowers in the orchard of 
Cornell University, it was observed that some of the flowers farthest 
aloi^ in development presented a water-soaked appearance. Exami- 
nation under the noicroscope showed the flower tissues to be gorged 
with bacteria. Noting that the bees visited flowers in the clusters 
containing these water-soaked individuals, a preliminary isolation 
experiment was made to determine whether the fire bhght bacteria 
were associated with the bees. When the first apple petals were 
beginning to fall, 10 bees were captured from blossom clusters con- 
taining such water-soaked Wossoms. At three subsequent biweekly 
intervals, when blossoms were no longer available, lots of 10 bees 
each were taken at the entrances to hives in an apiary approximately 
a half mile away. The fire blight bacteria were obtained from 3 of 
the 10 bees captmed from the blossoms, but no organisms were re- 
covered from the bees subsequently taken in the apiary. In the 
blight epiphytotic which developed that spring as many as 90 percent 
of the blossom clusters in Wealthy and 50 percent in McIntosh 
blighted, providing ideal conditions for this isolation experiment. 
However, because the bacteria were obtained from the bees only 
while they were visiting the flowers in the orchard and not there- 
after, it appeared that the organisms were incapable of remaining 
associated with the bees after the blossom period. Accordingly 
experiments were planned in an attempt to clarify the situation. 

LONGEVITY OF THE FIRE BLIGHT BACTERIA IN THE BEEHIVE 

PREVIOUS OBSERVATIONS 

Although Waite {20 , 21) was the first to imphcate the honeybee 
with the dissemination of the fire bhght organism, it remained for 
Gossard {2) and for Gossard and Walton (5, 4) to initiate studies 
on the longevity of the bacteria in the beehive. In the first report, 
Gossard {2) concluded that the organism of fire bhght may hve in 
honey for 47 hours. Later Gossard and Walton (5) extended the 
period of viabihty in honey to between 72 and 100 hours. In their 
final report {4) they stated that during the blossom period fire bhght 
developed in tender twigs that were inoculated with honey drawn 
from three different hives. Bhght apparently resulted also when 
apple pollen, removed from the pollen baskets (corbiculae) of bees 
and the mouth parts of similar bees caught as they were entering the 
hives were inserted into incisions in tender apple twigs. They further 
state {4i S6): 

We were uimble to obtain cultures of fire blight from hives iu early spring, 
from either honey or wax and because of its eventual death in honey, we believe 
it does mt exist in the hive at the opening of the season. Dozens of samples 
wcffo taken and cultured by the plate method in this quest. 

The investi^tions of Gossard and Walton have been extended 
by a number of investigators. Eosen {Ifp. S02) s&ntdated interest 
in this question when he stated that — 

* * * the writer has successfully isolated the firoi^light pathogen from 

beehive material gathered throughout the summer, winter and early spring and 
from the bees themselves obtained from the hives in the early spring prior to the 
development of blight. 
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If tWs statement were applicable elsewhere it would mean that 
fire blight control cannot be successfully accomphshed by canker 
eradication alone. Thomas {15) reported that when the organism 
causing fire blight was introduced into honey and applied to the 
surface of honeycomb and wood frame, it was recovered after 15, 55, 
and 20 days. In Rosen's final report {1^) covering 5 years’ work, he 
had obtained only 1 positive culture in a total of 1,277 isolation 
trials from 1931 to 1933, which is in strong contrast to 20 positive 
isolations in 2,157 trials for 1929 and 1930. The materials used con- 
sisted of honey plus comb and bees taken from beehives located in a 
bhghted orchard. ^ The results of a study by Thomas and Ark {17) 
conducted in^ California ^d not support Rosen’s conclusion. In 
no instance did they obtain the blight organism from hive material 
(550 cultures), and they obtained it from bees only when blossoms 
of fruit trees were available to the insects. Pierstorff and Lamb {10) 
also were unable to demonstrate the presence of the fire bhght 
bacteria on the combs, frames, or in the honey in a beehive 24 hours 
after a water suspension of the organism had been introduced. 
They were successful, however, in recovering bacteria from the heads 
of the honeybees taken from a hive 2 days after it was contaminated 
with the organism. Parker {9) was unable to reisolate the bacteria 
in the early spring from beehives that were artificially contaminated 
the preceding November. 

MATERIALS ANI> METHODS 

Any study in which honeybees are used for experimental purposes 
should take into account the habits and condition of the insects. 
Besides the fruit-blossom period in May, early October is a good time 
for conducting such a study since the incoming supply of nectar is 
low in these months and the bees are inchned to stay inside the hive 
and to concentrate sugar solutions with relative rapidity. 

The feeding of honeybees with artificially prepared food containing 
an abxmdance of bacteria introduces the bacteria into the hive in a 
manner comparable to such natural channels as may exist, obviates 
the necessity for disturbing the working conditions of the bees, insures 
the entrance of bacteria in great numbers and at the same time 
facilitates the reisolation of the bacteria at stated intervals after their 
entrance. These precautions were needed since present isolation 
methods are not sufficiently selective to be rehable for small numbers 
of these bacteria. Moreover, this approach takes into account the 
effect on the nectar or sugar solution produced by the bees in their 
function of elaborating honey from nectar. 

The same two colonies of bees were used throughout the series of 
tests, which extended over a period of four seasons. Each colony or 
nucleus hive was fed diluted honey or cane sugar (sucrose) solution of 
60 percent sugar concentration in the autumn, or 50 percent concen- 
tration when fed in the spring, to which vast numbers of the 0re 
hl^ht bacteria had been added. 

The sugar solutions were prepared under approximately ^^eptie 
conditions in the same way for e^h of the sis feeding experimeoils 
involving hives of bees. Approximately 5 gallons of the. prepared 
solutions were fed to the respective (K)Ionies in the fall and 1 quart to 



792 


Journal of Agricultural Research 


Vol. 52, no. 10 


the nucleus hives ® used in the spring. The sucrose solution was steri- 
lized at 15 pounds pressure for 20 minutes. The diluted honey was 
brought to a boil. When cool, the bacteria in water suspension were 
added. The individual bacteria were thoroughly^ distributed in 
suspension by careful stirring in the thinner solutions so that in 
subsequent concentration of these solutions by the bees, there was 
ample opportunity for the solutions to act in whatever manner they 
would on the organisms. These precautions were taken in order to 
obviate the possibility that grouping or clumps of the organisms may 
protect some bacteria from the action of the concentrated solutions 
(honey) and thus increase their longevity. 

The bacteria for furnishing the moculmn were varied. In 1932, 1 
culture from California was employed; in 1933 a composite of 30 
cultures; in 1934 a composite of 4 cultures; and in 1935 the progeny of 
a single-cell culture from New York. The numbers of bacteria per 
cubic centimeter of solution fed in series 1932a and 1933a were com- 
puted by means of the Petroff-Hausser direct bacteria coxmter and 
were, respectively, 192 and 155 millions. In the other series the 
numbers of bacteria were made comparable by means of the McFar- 
land nephelometer (7). 

The inoculum except when stated otherwise consisted of a 2-day- 
old growth on nutrient agar. 

The isolation method used consisted of: (1) The transfer of rela- 
tively uniform quantities of material with a 5-mm loop to nutrient- 
dextrose broth, and (2) the subsequent transfer to nutrient agar when 
growth was evident. The culture-plate method used in the prelim- 
mary studies was later abandoned. All the cultures obtained during 
stimmer, autumn, and winter that simulated the fire blight organism 
were inoculated into green Kieffer pear fruits. Shoots on pear and 
apple trees grown in the greenhouse were used for making patho- 
genicity tests in the spring when fruits were not available. The 
surface of fruits was sterilized with alcohol and after inoculation 
incubated in moist chambers at 24° C, 

In pursuing the investigation on the longevity of the fiire blight 
organism in the beehive, a series of six isolation experiments were 
conducted in October and May. These are designated 1932a, 1933s, 
1933a, 1934s, 1934a, and 1935s.« 

AUTUMN TRIALS 
Experiment 1932a 

In experiment 1932a, the fire blight bacteria disappeared within 
1 week after the close of the feeding period from honey elaborated 
from food containing the organisms. The bacteria had likewise dis- 
appeared from (1) the wax of the combs, (2) the surface of wooden 
frames, and (3) the mouth parts, alimentary tracts, and honey 
stomachs of the bees. A summary of this experiment appears in 
table 1. 


i “Nncteas hive” is a term emirfloyed by beekeepers §£«• gmaTl used in mating queeij, 
smali hives used because toe foil ookmies were too large to be Included In the cages 
» The symbols s and a signify, r^pectively, sprii^ and autumn trials. 
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Table 1. — Summary of isolation studies to determine the longevity of Erwinia 
amylovora in the beehive when introduced through the natural channel of foods in 
spring (s) and autumn (a) trials^ 1932-S5 


Source 

Time interval 

1932.1 1 1 

1933s 

1933a 

1934s 

1934a 

1935s 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 

Trials 

Positive 

Trials 

> 

"v 

o 

A. 


Days 

No 

Pet 

* No. 

Ip.. 

No 

Pet 

No. 

* Pet 

No 

Pet 

No 

Pet. 


\ 1 





40 

20.0 



30 

33. 3 




2 





40 

10 0 



30 

6. 7 



Honey - 

\ 3 





40 

.0 



30 

G.7 




Over 

1 3 

} 100 

1 0.0 

30 

1 0 0 

320 

0 

30 

0.0 

90 

.0 

30 

0 0 


i 1 





20 

.0 



15 

13 3 



Wax 

■{Over 

} 50 

0 

30 

.0 

200 

.0 

30 

.0 

70 

0 

30 

.0 


( 1 





20 

.0 



15 

0 



Wood 

jOver 

} 50 

0 

30 

.0 

200 

*.5 

30 

.0 

70 

.0 

30 

.0 


1 1 





100 

6 0 



85 

11 8 



Bees 

jOver 

} 50 

.0 

30 

.0 

50 

.0 

30 

.0 

50 

.0 

30 

.0 

Pollen 

fOver 

} 


30 

3 3.3 



30 

.0 



30 

.0 


1 ^ 














1 Isolation interval =7 days 
* Isolation Interval =12 days. 
8 Isolation interval=13 days. 


Two colonies of bees were used. One received contaminated 
sucrose solution and the other contaminated diluted honey prepared 
as stated earlier. ^^Atmospheric'' tin-pail feeders with perforated 
tops were filled with the solutions and inverted, being placed in empty 
hive bodies over the hives. Except at daily or 2-day intervals when 
the food supply was replenished, the bees were not disturbed. The 
feeding was begun on October 6 and the last food was consumed on 
October 19, ^ extensive isolation experiment was arranged in 

which samples of the honey in the comb elaborated respectively from 
the honey and sugar solutions were incubated in previously sterilized 
specimen dishes over a range of temperatures varying at intervals 
from 3° to 24° C. 

Since earlier investigators in this field had found that the fire 
blight organism survives for considerable periods within the hive, the 
first isolations were not attempted imtil 7 days after the close of the 
feeding period. At the first isolation interval the materials were 
taken from the hives and placed in the dishes in the incubators. 
From each hive they consisted of 10 transfers of honey and 5 transfers 
from comb cappings and side walls of cells and scrapings from the 
frames. At the same time five bees were collected from each hive. 
From each bee the mouth parts, honey stomach, and alimentary tract 
were cultured separately. None of the sources tested yielded the 
bacteria, but the pathogen was readily obtained in all but the last 
case from samples of the original sugar and houOT solutions that had 
been incubated at 6°, 12°, 18°, and 24° C. Moreover, during the 
course of the feeding period, the bacteria were successfull^r mcovered 
at daily intervals up through the twelfth day from &e original solu- 
tions stored in a shed at approximately 18°, indicating that the 
pathogenic bacteria survived in the food during that period. 
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At four subsequent weekly intervals similar isolation series were 
repeated, always witb negative results. At the termination of this 
experiment, pathogenic bacteria were still being recovered from the 
original solutions held in the 6° and 12^ C. incubators. In these 
studies the wax, wood, and bee samples were taken from the respective 
hives at the times indicated. The ‘Toney” at the later weekly 
intervals was taken from the samples placed in the 24J incubator. 
These results are interpreted as meaning that the bacteria cannot 
survive the operations performed by the bees, but precise information 
was not obtained on the rate of disappearance of the bacteria in the 
operation of concentrating the food supply. The bacteria apparently 
had died at a more rapid rate than was expected, necessitating much 
shorter isolation intervals for determination of the rate of destruction. 

Experiment 1933a 

In the fall of 1933 the fire blight bacteria were recovered from 
honey produced from contaminated sucrose and honey solutions 
within 2 days from the time they had been taken by the bees. 

Feeding was begun on October 5, and by October 16 and 18 the 
respective dilute honey and sucrose solutions were all removed from 
the feeders by the bees. At the end of the first day one frame was 
removed from each of the hives and placed in a 30° C. incubator in 
the laboratory. Near the middle of the feeding period another frame 
from each of the respective hives was removed and placed in the 
incubator. In this experiment 40 attempts to isolate the organism 
were made from the honey, and 20 from each of the wax and frame 
surfaces at intervals of 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 18, and 22 days 
after the bees had taken the contaminated food. Six of the honey iso- 
lations made on the first day and six of those made on the second day, 
or 15 percent of each, yielded the fire blight bacteria. All the others 
were n^ative. 

Nonpathogenic bacteria were obtained in a large percentage of the 
isolation tubes of the first six isolation intervals. Their growth in 
nutrient-dextrose broth was unlike that of the fire blight organism, 
being much slower and rarely if ever resulting in the formation of a 
pellicle which is so characteristic of Ermnia amylovora. After the first 
week, when the isolation intervals were lengthened to 2 days, many of 
the tubes remained sterile and the majority of the others were free 
of microflora except for occasional molds All isolations attempted 
from comb surface for the presence of the fire blight bacteria were 
n^ative. Likewise all attempts to recover these bacteria from scrap- 
ing of the wood frame were negative with one exception, namely, an 
ismation attempted on the twelfth day. During the course of this 
experiment isolations were attempted at the same time intervals 
from the bees in the two hives. Since the bees were manipulating con- 
taminated food for approximately 2 weeks, a relatively large percent- 
age of the isolations were from bees taken while actually feeding. 
During this time isolations were tried from the mouth parts, honey 
stomachs, and alimentapr tracts of 100 bees, only 6, or 6 percent, of 
which yielded the fire blight bacteria. In three instances the bacteria 
were present both on the mouth parts and in the honey stomachs; in 
two instances in the alimentary tracts and honey stomachs; and in 
one instance on the mouth ^trts alone. Isolations attempted from 10 
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bees at intervals of 2, 3, 4, 5, and 6 days after the close of the feeding 
period were all negative. From these data it is apparent that the 
fire blight organism was not as abundant on the bees as might have 
been expected. It was further observed that of the positive isolations 
obtained, there was approxinaately equal division between the diluted 
honey and the sucrose solution sources which are considered imder 
one heading in the table. 


Experiment 1934a 

In the third and final experiment conducted in the fall of the year 
the fire blight bacteria had disappeared from the honey elaborated 
from heavily contaminated sucrose solution within 3 days from the 
time of elaboration by the bees. This experiment, except for a few 
changes, was similar to experiment 1933a, and the results were in 
conformity with the previous findings (table 1). The feeding of 
diluted honey solutions contaminated with the bacteria was omitted 
because of the uniformity of results of the two solutions in previous 
trials. 

In order to obtain a check on the microflora contributed by the 
bees and the hive during the concentration of sugar solution the bees 
were fed sterile sucrose solution for 2 days before they were given 
the contaminated food. Feeding contaminated food was begun on 
October 18 and completed on October 25. The number of isolations 
intervals w^as reduced, and consisted of 1, 2, 3, 4, 5, and 7 days. The 
number of isolation trials from the various sources was not changed 
from the previous corresponding experiment, 1933a. Four series of 
isolation trials were conducted. The first was confined to the con- 
centrated material from sterile sucrose solution which yielded only 
molds and miscellaneous bacteria. The other three series were be^n 
on, respectively, October 18, October 23, and October 24. In the first 
two instances, the frames used in making the isolations were taken 
from hives and stored in a 30° C. incubator in the laboratory. The 
third frame was left in the hive and removed only long enough for 
samples to be taken when it was again replaced. Isolations from the 
bees were confined to the use of mouth parts and honey stomachs. 

Of the 30 isolations made on the first day from the concentrated 
sucrose solution which had contained fire bhght bacteria, 10, or 33.3 
percent, were positive for the fire blight organism. BVom similar 
numbers of isolation trials on the 2 successive days, there were for 
each interval two positive, or 6.7 percent. All the later attempts to 
recover the fire blight bacteria from the concentrated sucrose solution 
were unsuccessful. 

The bacteria were recovered in two cases from bits of wax taken 
from the combs at the first interval of 1 day, or in 13.3 percent of Ihe 
attempts. All 70 subsequent trials for the isolation of the bacteria 
from this source in this experiment/ were negative. No fire blight 
bacteria were recovered from 85 samplings of scrapings removed by a 
sterile scalpel from various parts of the pwne. 

The bacteria were likewise recovered from 10 of a tot^ of 85 h&eB, 
or in 11.8 percent of all attempted isolations made during the time 
that they were working with the contaminated food- AB attempts to 
recover the bacteria from bees separated from Ihe contaminated 
by more than 1 day were n^ative. The location of the baetc^ « 
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these bees was chiefly in the honey stomachs, since recovery was 
made from this source eight times to the three that they were obtained 
from the mouth parts. From these experiments it is evident that the 
fire bhght bacteria are able to survive in the beehive for a relatively 
short time. 

SPRING TRIALS 
Experiment 1933s 

This sttidy was conducted in the spring of 1933 in the orchard of 
Cornell University with special cages, which are described later. 
The honeybees were confined with apple blossoms of the Rhode 
Island Greening variety. A nucleus beehive was outfitted with two 
feeders, one containing contaminated sucrose solution and the other 
contaminated honey solution, one frame of brood ready to emerge, 
one empty comb, and two cupfuls of worker bees. No queen was 
included. The nucleus hive was assembled the afternoon of May 
13 and installed in the cage in the evening. The hive entrance was 
opened after dark. During the forenoon of the same day, with the 
flowers in the late pink stage of development, a lime-sulphur spray 
(1-40) was applied and in the afternoon an apphcation of nicotine 
sulphate (1-800), in order to remove insects that might cause com- 
plications. Daily observations were made and a record was kept of 
the behavior of the bees. 

A few flowers had begun to open on May 14. At 9 a. m. May 15, 
the flowers were in early bloom and counts were made of the number 
of bee visits to groups of 10 blossom clusters in four different cages. 
For 5-minute intervals there were, respectively, 5, 1, 3, and 4 visits 
made by the bees, and only an occasional bee was observed trying to 
gain freedom by flying against the sides of the cage. The flowers 
came into flull bloom on May 17 and the bees were observed freely 
visiting them up through May 20 at petal fall. The food was all 
converted into “honey” approximately 5 days before the cages were 
removed, and the hives were examined on May 26. Immediately 
after the cages were removed attempts were made to recover the 
bacteria from the hives and the bees, and also from apple pollen. 
The fibrst isolations were made 13 days after the beginning of the 
experiment and approximately 5 days after the feeders were emptied. 
The results of these isolation trials were all negative but for one 
instance (table 1) in which the bacteria were recovered from pollen 
taken from a cell of pollen. Two subsequent series of isolation were 
made at intervals of 20 and 27 days from the time of starting the 
experiment, but the results were all negative. The controls, consisting 
of the contaminated solutions held at 6®, 12®, IS*^, and 24® C., aU 
yielded the bacteria at the end of 13 days except the last. 

"j^ese data support the findings of the autumn experiments, and 
indicate that the fire-blight bacteria disappear within 5 days from the 
time contaminated food is converted into honey. 

Experiment 19348 

In experiment 1934s, which was a repetition of 1933s, negative 
results were obtained in aU cases for the recovery of the blight bacteria 
from the nucleus hive. The Twenty Ounce apple variety was here 
substituted for Rhode Island Greening. 
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Using the same general procedure as before, the hives were assem- 
bled and installed in the cages in the orchard on May 18 and were 
removed on May 29. On the latter date, isolations were attempted 
from the same sources as before at approximately 4 days after the last 
of the food was taken. The fire blight bacteria were not recovered. 
Two similar isolation series were made at successive 2-day intervals 
after the first attempts, but no fire bhght bacteria were obtained. 

Experiment 1935s 

The final experiment, which was conducted in the spring of 1935, 
was a repetition of experiment 1934s. 

Bees were placed in the hives on May 21 and the cages were in- 
stalled on May 22. On June 3, 12 days later, the cages were removed 
and isolations were tried from the usual sources (taWe 1). The food 
had all been consumed approximately 4 days previously. The first 
isolations attempted were all negative for the fire blight bacteria. 
Subsequent attempts gave similar results. Isolations from a sample 
of the infested original contaminated sucrose solution stored at shed 
temperature (18^^ C.) yielded pathogenic bacteria to the close of the 
experiment. The rate^ of disappearance of the bacteria was not 
accurately detemoined in the experiments conducted in the spring of 
the year because a disturbance to the bees would have altered the 
experiment in other respects. 

DISCUSSION 

The consistency of the results in all these experiments conducted 
in the spring and in the fall, in which the bacteria disappeared from 
the beehive, has an important bearing on the question of the possible 
role of the bees and the beehive in the dissemination of the fire blight 
organism. 

The rapid ■ disappearance, usually within 2 days, of fire blight 
bacteria after their introduction into the hive attests to the destruc- 
tive properties of honey and of the beehive environment, so far as 
fire blight bacteria are concerned. The two minor exceptions reported 
above would not appear to invahdate this conclusion, and even for 
the longest periods of survival encountered, it will be recalled that 
they were from pollen and scrapings of the wood, in both of which 
instances there was little opportunity for any possible disinfecting 
effects of honey to operate. There is, of course, some honey used in 
the storage of pollen in cells of the comb. The sterilizing action of 
honey applies as well to other nonspore-forming bacteria previously 
studied {IS) and to the nonspore-iorming bacterial flora normally 
associated with honeybees and the interior of the hive, which survived 
in honey only a few days longer than the fire blight organism. The 
relatively short length of life of fire blight bacteria in an the locations 
studied within the hive probably cannot be ascribed to the stetilizang 
effects of honey alone or to any other one factor, but is more probably 
the result of the interaction of a number of factors, indudhig the 
materials added to sugar solutions by the worker bees in their 5abo- 
ration of their food supplies. These fac^)^ nf hive environment 
consist in part of a high relative humidity ^^^rc^t or ev^ higher 
during the incoming of fresh food supplies) temperatures 

(roughly 94"^ F., within the brood nest of in which of 

the elaborated food is stored at least Piupfeer has 
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demonstrated the detrimental influence of high relative humidities 
on the survival of fire blight bacteria, and, as will be discussed later, 
high temperatures, within the range of temperatures found within 
the hive, are also detrimental to their survival. Whether the two 
factors of destructive relative humidities and high temperatures fully 
explain the rapid death of the fire blight bacteria within the hive but 
outside of honey is somewhat questionable, but that they contribute 
to this end appears evident. 

The bees used in these experiments together with the honey they 
produced were used in cage experiments in the orchard to check 
further the possibility of tlae bacteria overwintering in association 
with the bees that had elaborated the contaminated food. 

EFFECT OF SUGAR SOLUTIONS ON THE FIRE BLIGHT ORGANISM 

A number of workers have studied the effect of sugar concentration 
on the fire blight bacteria. Experiments by Gossard and Walton (4) 
demonstrated that the fire blight oi^anism was able to live for about 
4 days in honey, for 10 days in aphid honeydew, and for 5 days in 
peach, plum, and cherry nectar. McLarty {8) stated that fire blight 
bacteria lived for 48 days in strained honey. According to Parker 
(P), McLarty stated in correspondence that he later found the bacteria 
to live for 84 days in the same honey. Thomas {15) reported that the 
organism causing fire blight lived for 15 days in honey. Using a 
special nutrient solution as a base, Thomas and Ark {16) determined 
the maximum concentration of sugars that the organism will tolerate 
in culture solutions. In dextrose solutions very slight growth was 
obtained at a concentration of 28 percent while optimum growth 
occurred at 3 percent. In solutions of levulose and sucrose optimum 
growth was near 10 percent, but the maximum growth concentrations 
were, respectively, 18 and 58 percent. The fire bhght organism was 
found to survive for several weeks at 60-percent sucrose concentra- 
tion. They further point out that the concentrations of the sugars 
which inhibited the oiganism corresponded approximately with the 
osmotic values of the sugars. The longevity of the bacteria in both 
artificial and natural honey was found by Pierstorff and Lamb {10) to 
be 5 days. 

There is considerable divergence in the results of these various 
authors. To some extent this may be explained by differences in the 
degree of individual dispersion of the bacteria within the solutions, for 
it is evident that if the bacteria were clumped in some cases increased 
survival might result. It is further to be noted that none of these 
«l\^tl^ors has stated the temperatures at which he worked, and tempera- 
^ an important factor in survival of the fire blight organism in 
sugfcT soimtions. 

of tins lack of agreement in the work of other investigators, 
tests were made of the survival of fire blight organisms in various 
sugar solutions, the sugars used being those which occur in nectar and 
honey, namely, levulo^, dextrose, and sucrose, used singly or in com- 
binations. 

LONGEvmr (w uactmria, in sugar solutions 

The longevity of the fire blight bacteria was first tested in the fall 
of 1932 in artificial nectar (21.2-percent sugar) compound^ according 
to the method of Beutler (1) from sucrose, levulose, ^d wrtewe, of, 
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respectively, 8.4, 7.3, and 5.5 parts by weight. The sugar solutions 
were sterilized by filtration through a Berkefeld filter. For supplying 
the mineral elements a given volume of honey was ashed afid a quan- 
tity of it corresponding to the amount in nectar was added aseptically 
to the synthetic nectar solution. A loopful (6 mm) of a dense water 
suspension of the fire blight organism was added to the artificial 
nectar. Samples were incubated in flasks at 3"^, 12°, and 21° C. 
Isolations were made at daily intervals for 1 week and at weekly 
intervals thereafter for 6 weeks. The bacteria were still alive at all 
the temperatures except 21° at the end of 6 weeks, when the experi- 
ment was terminated. 

The longevity of the bacteria was tested simultaneously in pure 
honey, diluted honey, and sucrose solution held at 6° C. The diluted 
honey and the sucrose solution were samples of the materials fed the 
colonies of bees in the 1932a experiment. The bacteria survived in 
these solutions for 31, 20, and 37 weeks. Apparently the low tempera- 
ture favored their survival. 

At the same time, a third experiment was run to test the longevity 
of the bacteria in duplicate tubes in different concentrations of 
sucrose solution held at 3° and 21° C. The concentrations tested 
were 0, 1, 5, 10, 20, 40, and 60 percent of sucrose in water. At 3° 
the bacteria survived for 28, 9, 8, 8, 6, 10, and 12 weeks, while at 
21° the survival periods were 28, 7, 4, 4, 5, 5, and 1 weeks. 

A more extensive experiment was begun in December 1932. The 
sugars tested included sucrose, dextrose, sucrose + dextrose in equal 
amounts, levulose, synthetic nectar (according to the findings of 
Beutler [l)), and unsterilized honey. The concentrations used vith 
each material were, respectively, 0, 1, 5, 10, 20, 30, 40, 50, 60, and 75 
percent of sugar, each test being made in quadruplicate. The fire 
blight bacteria were placed in test tubes containing 10 cc of these 
sugar concentrations held at 6°, 12°, 18°, and 24° C. All except 
those containing levulose were sterilized in the autoclave for 15 min- 
utes at 15 pounds pressure. To avoid caramelization where levulose 
was used alone or as a constituent the individual sugars were added 
to hot sterile distilled water, and heated in the Arnold steamer for 
12 minutes on 3 successive days. The inoculum consisted of a 
highly virulent culture of the organism that had been isolated from 
crab apple in Cahfomia. The results of this experiment are contained 
in figure 1, A. Since no special provision was made for retarding 
evaporation, there was a marked tendency at 18° and 24° for the 
sugar solutions to become more concentrated. Thus, for example, the 
20-percent sucrose solution incubated at 18° in a period of 35 weeks 
became concentrated to 59.69 percent sugar. To determine this, 
examination was made with an Abbe refractometer (drop). Similarly, 
the 10-percent sucrose solution in 36 weeks became concentrated to 
51.22 percent. Obviously this fact should be kept in mind when 
evaluating these data. In sucrose solution the bacteria survived for 
a relatively short time in concentrations of 40 percent and above, 
but there was a discrepancy in the effect of temperature on survival 
in which 18° appeared to be more favorable than 6°, 12^, and 24°. 
For dextrose the critical concentrations were 10 percent and above. 
Mixtures of equal parts of sucrose and dextrose acted much the same 
as dextrose a^e. Levulose appeared to be somewhat less deetatc- 
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tive of the bacteria than dextrose, but rather similar to sucrose. 
Synthetic nectar with and without ash behaved more like levulose 
than like the other sugars. The addition of ash to the synthetic 
nectar solution appeared to upset the effect of the sugars alone by 
decreasing markedly the longevity of the bacteria, especially at the 
lower concentrations, and therefore was omitted in the next experi- 
ment. The Mgher concentrations of all the solutions behaved 
similarly in killing the bacteria in relatively short periods of time. 
The survival of the bacteria in a series of unsterilized honey dilu- 
tions comparable to the synthetic nectar was similar to the results 
in the latter. This unsteriliied honey series was abandoned at 6 
weeks because of contamination by molds. Survival was usually 
longest at the lower temperatures, but this was not always the case. 

Another experiment to test the longevity of the 6xe blight oiganism 
in sugar solutions was begun in November 1933. Certain modifica- 
tions were adopted, however. A composite culture of 30 organisms, 
isolated from widely separated places, was used instead of a single 
culture. The bacteria were added at the rate of approximately 
•250 million per cubic centimeter determined by use of Petroff-Hausser 
direct bacteria counter. The respective sugars, sucrose, levulose, 
and dextrose, were used alone and in combination simulating nectar 
( 1 ). Extracted honey of approximately 80-percent sugar concentra- 
tion and the same honey diluted to 60-percent concentration of 
sugar were also included. No ash was added to the nectar. To 
reduce evaporation, lead foil was wrapped over the tops of all the 
tubes held at 18° and 24° C. Before the experiment was begun, the 
levulose and nectar solutions were heated for 12 minutes in the 
Arnold steamer on 4 successive days. The sucrose and dextrose 
solutions were sterilized in the autoclave for 15 minutes at 15 pounds 
pressure. This experiment was terminated at the end of 1 year; the 
data obtained are summarized in figure 1, B. From figure 1, B, 
it is evident that the results correspond to those already discussed in 
previous experiments. Sugar solutions at concentrations simulating 
honey (75 percent) and held at temperatmes nearest to those which 
would obtain in the apiary in the summer (24°) are destructive to 
the bacteria, ordinarily killing them within 1 week. At temperatures 
more nearly approximating those of the hives in winter (18°), bacterial 
survival is not suiBScient to account for the hive being a potential 
overwintering source. No definite explanation can be given for the 
relatively long survival of the bacteria of the composite culture of 30 
strains. However, it may be explained in part by reduced evapora- 
tion and consequently a lower concentration of sugar. 

GROWTH OF BACTERIA. IN SUGAR SOLUTIONS 

Studies were next made of the growth of the fire blight oi^anism in 
a special synthetic medium (14) when the carbohydrate sources were 
the respective sugars. The sugar solutions were sterilized by filtra- 
tion through a Berkefeld filter. In series 1, duplicate tub^ were 
prepared of each of the sugars (sucrose, levulose, and dextrose, and the 
synthetic nectar mixture) of sugar concentrations of 0, 2 ^ 5, 10,^ 15, 
20, 30, 35, 40, 45, and 50 percent. In series 2, the concenlratiojis 
were somewhat modified, but covered the same range. Series 3 
involved the use of a number of sugar concentrations that i^ered 
fkun each other in smaller amounts as the concentrations approxin^tated 
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the critical growth limits of the bacteria. The progeny of a single-cell 
strain of the fire blight organism grown for 2 days on nutrient agar 
furnished the inoculum. All cultures were incubated at 24° C. The 
results obtained are summarized in table 2. These data indicate that 
the monosaccharides, dextrose, and levulose permit a slight growth 
in sugar concentrations as high as 30 percent and that in sucrose, a 
disaccharide, the bacteria made a very small but perceptible growth 
at the 58-percent concentration. These results are in approximate 
agreement with those of Thomas and Ark {16). When the sugars 
were combined into a mixture simulating nectar (Beutler (1)), the 
bacteria grew at 35 percent but not at 40-percent sugar concentration. 
An abimdance of growth was noted at the 5- and 10-percent con- 
centrations, as evidenced by the sediment at the bottom of the tubes 
and the color change of the medium, Bromothymol blue was the 
indicator used. At the higher concentrations growth decreased with 
increasing concentration. No growth appeared at the 40-percent 
concentration. 

To account for the rapid disappearance of the fire blight bacteria 
during the process of elaborating nectar into honey several experi- 
ments were tried. 

Table 2, — Summary of studies conducted for the purpose of finding the maximum 
concentrations of various sugars^ and of synthetic 7iectar, at which the fire blight 
organism, Erwinia amylovora, vnll grow 


Series no. and Growth of E. amylovora at the end of 10 days in a synthetic medium contaimng 
sugar sugars in the indicated concentrations ^ 
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J + Growth; — No growth. Tha synthetic medium was made acooSrding to the fcomula given by the 
Society of American Bacteriologists U4) • - 


The effect of desiccation alone on the longevity of the bacteria in 
sugar solution cannot account for their rapid disappearance in the 
honey-ripening process. A contaminated sucrose solution of 60-per- 



Mavi5, 1930 The Honeybee and Beehive in Relatiofi to Fire Blight 803 


cent concentration uas placed in Petri dishes in a desiccator (CaClJ 
and kept there until the concentration of sugar was between 79 and 
80 percent. The dishes were sealed and placed in a 30° C. incubator 
and were removed only for periodic examination. It was found that 
when 10, 20, 30, or 40 cc of the solution was placed in four Petri dishes 
of equal size the time required for the desiccator to adjust to the 
desired concentration was approximately 1, 2, 3, and 4 days. At the 
end of 1 month, when the isolation trials were discontinued, the 
bacteria were still being recovered from all the plates except the 
second. In this plate, the bacteria were still present at the end of 
3 weeks. Portions of the original sugar solution were simultaneously 
incubated at the temperatures 6°, 12°, 18°, 24°, and 30°. At the 
end of 1 month the bacteria were still alive at 6° and 12°, but had 
disappeared at 18°, 24°, and 30° by the end of 18, 12, and 6 days, 
respectively. 

When the experiment was repeated with sucrose solution, synthetic 
nectar solution, and similarly diluted honey of 21.2-percent sugar 
concentration as the starting point, comparable results were obtained. 
The rate of disappearance of the bacteria from these solutions slightly 
greater than for the sucrose solution, but cannot account for the rapid 
disappearance within approximately 2 days of the bacteria found in 
the feeding experiments detailed earher. 

An abundant microflora was found to be associated with the 
honeybee and the hive interior. Although these bacteria outlive the 
fire blight organism in honey, they too, disappear at the end of approx- 
imately 1 week. Preliminary studies on antagonism between these 
bacteria and the fire blight organism when grown on agar and in broth 
gave some indication that the former may function in some way in 
inhibiting the latter, but the evidence is too limited to justify its being 
given in detail. 

THE FIRE BLIGHT ORGANISM AND THE LIFE CYCLE STAGES OF 

THE INSECT 

Attention was next directed to the possibility that the bacteria 
might be associated with honeybees in some stage of the life cycle 
other than that of the active adult. 

Two series of experiments were conducted in October 1933 and 
1934. The same colonies of bees were used as in experiments 1933b 
and 1934b, already discussed. Shortly after the beginning of the 
feeding periods the queen bees, in response to the influx of food, began 
to deposit eggs in the cells, and continued to do so throughout the 
feeding period and for a short time afterward. As soon as the eggs 
hatched (3 days), the young larvae obtained their nourishment from 
a contaminated sugar solution or from the elaborated product, the 
only food available, and food of a contaminated source continued to 
be their diet until pupation (to the 9th day). In 21 days, or after 12 
days as pupae, the adults emerged. 

For making isolation studies from the immature life-cycle stages of 
the honeybee, small test tubes (I by 6 cm) were fitted with cork 
stoppers into which round, stiff, toothpicks had been inserted. Thk 
type of pick was rigid and suited for loosening and removing speci- 
mens from the ceUs. 

A frame containing brood was removed from the hive and the 
specimens were taken and stored in the test tubes for transporting to 
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the laboratory. A sterile scalpel was used for opening capped cells. 
For maldng isolations all specimens except the eggs were placed in a 
Petri dish containing a small amount of steiile water, chopped fine, 
and allowed to stand for about 10 minutes. A large loopful (6 mm) 
of the material was then transferred to broth and the usual procedure 
followed. In the isolations from the eggs a modified procedure was 
Used. An egg was first allowed to stand for 10 minutes in water. 
After sampling the washings for the presence of the bacteria, the egg 
was crushed and handled in the same manner as the other stages, 
Seyeral parallel isolation series were run in which the insect stages 
were placed directly in the broth. 

In a preliminary experiment during the latter part of the feeding 
period in 1933, two series of isolations were attempted from, respec- 
tively, 10 eggs and 10 small larvae. One of the larvae in the first 
series ^fielded fire blight bacteria while the others were negative. 
Though limited in scope, this study indicated that the larval stage 
was receiving food containing the bacteria, although it is not loiown 
just when in the process of elaborating honey it was given to the 
larvae. 

In the 1933 experiment the isolation intervals were 12, 14, and 17 
days after the contaminated food had all been consumed, and in the 
1934 experiment the isolation intervals were 15, 17, and 19 days. 
Both in 1933 and 1934, bacteria other than the fire blight organism 
were frequently obtained from the larval stage, but relatively rarely 
from the egg, pupal, and unemerged adult stages. The fire blight 
bacteria were not recovered in any instance in the regular series of 
tests after an interval of at least 12 days after the contaminated 
food had been taken, which is strong evidence that these bacteria are 
not associated with the life-cycle stages of the insect. 

DISSEMINATION OF FIRE BLIGHT BACTERIA FROM THE BEEHIVE 

TO FLOWERS 

The dissemination of Ervxinia amylovora from the beehive to flowers 
caged with honeybees has been studied by several investigators. 
Gr^sard (^) postulated that if one bee carries 100,000 bacteria into 
the hive 1 day, on the following 1 or 2 days each of 1,000 bees has 
the potentiality of carrying a considerable fraction of 100 virulent 
bactma out to fruit blossoms. He postulated further that the 
bacteria may multiply in the raw n^tar when first carried into the 
hive. Pierstorff and Lamb (10), in studies conducted in Ohio, 
atomized the interiors of beehives with bouillon cultures of the fire 
blight organism, and concluded that: ‘^Bees did not carry blight 
inoculum from the hive to the blossom clusters’' when ‘'beehives 
that had been inf^ted with virui,®tiCiiltures of BdciMus amylovorus 
were placed under apple trees ei^osed cheesecloth cages.” 

However, they did get a small amount of i^^tion possibly origi- 
nating from the hive, which they attributed, ^^actors incidental to 
the use* of cheese^doth tents, such as rents l^rjears and splashing 
rain from diseased laees nearby, Thomas anSvansell (19) working 
with caged pears in California, found tha#when b^hives were 
transferred from the diseased to healthy tre^mo infections resulted. 
The methods of handling the bacteria ma^ to part account for the 
discrepancies in these result. 



May 15, 1936 The Honeybee and Beehive in Relation to Fire Blight 805 


Since it was desired to control the experimental conditions as 
closely as possible, small cages were used that fit over individual 
branches containing between 100 and 300 blossom clusters (fig. 2). 
The frame consisted of chicken wire of 1-inch mesh and 4 feet wide. 
A strip about 6K feet long was folded to make a cylinder 4 feet long 
and approximately 2 feet in diameter. Wire screen and two types 
of transparent waterproof materials, consisting of waterproof cello- 
phane impregnated over cloth and wire screen, were used as covers. 
For closing the cages over the branches, strips of unbleached muslin 
of about 40 meshes to the inch and 2 feet wide were sewed to the 
cages at either end. Ventilation was provided by inserting two 
pieces of wire screen 6 inches square into the cloth at either end, 
the inside one on the upper and the outside one on the lower side. 
Two strips of lath made to fit into the wire mesh of the support 
were used at either end of the cage for spreading the cage and trans- 
ferring its weight to the branch. The nucelus hive of bees was sus- 
pended from the limb at the end of the cage nearest the tree. 

The nucleus hives, unless otherwise specified, were made up to 
include: (1) Two feeders filled with sucrose solution, either sterile 
or contaminated with a water suspension of the fire blight bacteria; 
(2) one frame with brood ready to emerge; (3) one frame of sealed 
honey for emergency food supply; (4) one frame with empty comb 
to serve as a depository for poUen and for honey produced from 
sugar solution and nectar; and (5) 2 cupfuls of bees (approximately 
500). 

The cages were installed between the pink and early bloom stages 
of unfoldmg of fruit buds and were kept on until petal fall was com- 
pleted and sufiicient time had elapsed for disease symptoms to 
appear. Before installing the cages, as detailed earlier in experiment 
1933s, special precautions of spraying were taken to control insects 
that might interfere with the experiment. The bees and food 
involved each season were from the same sources, except when 
specified otherwise, and were as imiform as possible. Bees from the 
same hives were used for the three seasons. To insure setting of 
fruit in the final of the 1935 series, a bouquet of McIntosh, a suitable 
pollenizer, was used to pollenize Rhode Island Greening blossoms 
in each cage containing bees. 

Oozing cankers were prepared by inoculating succulent Bartlett 
pear shoots in the greenhouse and transferring these shoots when 
oozing copiously to flasks containing water which were suspended 
among the blossoms. To keep the interior temperatures of the rain- 
proof cages near those outside, the cages were placed on the shady 
side of the trees and shade was provided when necessary. 

In addition to investigating the transmission of the blight 
bacteria from the beehive to apple blossoms, studies were made of 
related aspects. For example: (1) The honey produced from con- 
taminated food in the fall of the year was fed to a nucleus hive of be^ 
housed in one of the enclosures to further cheek on‘ possibility of 
bacteria overwintering in the hive. There were also bees from 
the same colony that had produced this honey. (2) j^a check on 
(1), another hive with similar bees was fed sterile sugar ^lution 
alone; (3) the relation of bees to the oozing canker or overwintering 
source of fire blight inoculum was tested by caging be^ with ^ 
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oozing canker; (4) a check on (3) was made by placing an oozing canker 
alone in a cage; (5) rain as a dissemination factor was tested by en- 
closing an oozing canker in a screen cage which permitted the access 
of rain; (6) a check for rain alone was employed; and jSnally (7) bees 
plus an oozing canker were enclosed in a screen cage admitting 
rainfall. These studies are summarized in table 3. 


Table 3 . — Results of cage experiments conducted in the orchard to determine the 
role of the honeybee in the overwintering j primary spread^ and secondary spread of 
the fire-blight organism ^ 


Factors studied 

Year 

Total 

Bl( 
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Dssom clusters 

Blighted 

Setting 
fruit 2 
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Percent 
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0.0 




1934 

1 176 

175 

0 

.0 



, 1 

1935 

199 

199 

0 

.0 

32.0 


1 

[1933 

219 

205 

14 

6 3 


Bees + contaminated sucrose solution 


1934 

202 

200 

2 

1 0 



1 

1935 

204 

162 

62 

25 6 

30.0 



1933 






Bees alone, check. 


1934 

210 

210 

0 

0 




[1935 

204 

204 

0 

0 

28-0 


1 

(1933 

112 

105 

7 

6.3 


Rain alone, check 


1934 

168 

168 

0 

.0 



1 

[1935 

176 

176 

0 

.0 

.0 



11933 






Canker alone, check 

i 

1934 

244 

244 

0 

.0 



1 

[1935 

162 

162 

0 

.0 

.0 



(1933 

211 

211 

0 
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0 
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151 

0 

.0 

18.0 
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208 

191 

17 
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1934 

219 

219 

0 
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[l935 

131 

129 

2 

1 6 

.0 
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216 

4 
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Bees -{- oozing canker + rain 


1934 
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201 

1 
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11936 

158 

155 

3 

2.0 
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1 The cages were installed and removed on the following dates: In 1933, May 13 and 26; m 1934, May 18 and 
29; in 1935, May 22 and June 3. All the cages, except where the factor for rain was involved, when a screen 
cage was employed, were made of a transparent waterproof material. Rainfall during the exp^mental 
periods was m 1933 on May 13, 0 06 inch. May 20, 0 42 inch and May 24, 0.62 inch; m 1934 <m May 22, 0 01 
inch and on May 24, 0 09 inch; and m 1935 on May 28, 0 09 inch and May 29, 0 03 inch. 

2 PoUenlzers were introduced Into the cages only the last year, but in the preceding 2 years as weH as in the 
last year a record was kept of the visits made by the bees to flowers for time intervals of 5 minutes on suc- 
ceeding days. These data, although not included here, show that the bees visited flowers in all cag«. 

Blossom bligbt developed in cages where the bees were fed freshly 
contaminated sucrose solution. This is evidence that the bacteria 
were carried from the beehive to the flowers to bring about the 
infection^ since no other known source of the bacteria was available. 
However, it is not possible to state how many bees were involved, or 
whether the sucrose solution had first been concentiuted. It is 
probable that certain of the 1935 infections resulted f^m secondary 
spread by the bees after some bacteria had been carried out of the 
hives to £be flowers, for from June 3 to June 9 the number of blighted 
clusters increased from 43 to 52, or approximately 20 percent. 

No blossom infections occurred in the cag^ containing honeybees 
and honey for food that had been produce previous autumn 
from contaminated sucrose or honey solution. These data confirm 
the results of the isolation es^eriments in which it was found that 
the fire blight bacteria quicldy disappear from honey elaborated 
from heavily contaminated food. 
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Cage experiments to check the possibility that the bacteria may 
overwinter in the bees themselves gave negative results. The bees 
used in these experiments had consumed contaminated food the 
previous fall and were given sterile sucrose solution while in the cage. 
These results confirm those of the experiments in which it was found 
that the bacteiia were not associated "with the life-cycle stages of the 
insect. 

No blossom infections resulted from caging bees with oozing cankers. 
This lading is in conformity with the observations of a number of 
workers, including Jones {6) and Thomas and Parker {18), Appar- 
ently honeybees are not attracted by the bacteiial ooze of the fire 
blight disease. In similar cages containing only the oozing cankers, 
there were likewise no infections. 

Rain was found to be a factor in the dissemination of fire blight 
bacteria from oozing cankers to the neighboring blossoms. In 1933 
the rainfall, which approximated 1 inch^ during the experimental 
period, was sufficient to cause the infection of 8.2 percent of the 
caged blossoms. The bfighted blossom clusters were ^ all in the 
immediate vicinity of the oozing canker. Subsequent trials in 1934 
and 1935 resulted in practically no infection because of the lack of 
sufficient rainfall while cankers were in the cages, it being only 0.10 
and 0.12 of an inch for these years. 

In the check for rain alone for 1933, 6.3 percent of the blossona 
clusters were blighted. These infections were traced to a canker in 
the tree above and slightly to one side of the cage. In the 2 succeed- 
ing years, no infections were encountered in similar experiments. 

When the factors of oozing canker, rain, and bees were combined in 
the same cage, the percentage of infected blossom clusters for the 
three seasons were, respectively, 98.1, 0.5, and 2.0. The rainfall was 
sufficient only in 1933 to disseminate some of the bacteria from the 
oozing canker to the flowers in the primary spread of the organism. 
The laige percentage of blossom clusters infected demonstrates tbe 
role of the honeybee as a secondary spreader of the bacteria from 
flower to flower. The isolated infections in 1934 and 1935 may be 
accounted for by the possible direct contact between blossoms and 
ooziiig canker because of their close proximity. The results of these 
experiments on the role of the honeybee as a disseminator of secondary 
inoculum are in agreement with the findings of Waite {20), Gossard 
and Walton (4), Thomas and Vansell {19), and Piers torff and 
Lsmib { 10 ). 

From these data, it appears that the honeybee may function in 
two ways/ namely, (1) in carrying the bacteria foona the beehive to 
flowers, and (2) in the secondary spread of Are blight inoculum from 
flower flower. The transmission of inoculum ih l!ae first instance 
is conditioned,* however, on the bees actively on food con- 

tanmated with the fire blight organism. It woula seem probable 
duri^ years of blight epiphytotics^ that the causal bacteria may be 
carried out from the hive and initiate infections, with the insect 
apparently functioning purely in an accidental capacity. These data 
confirm the results oi the isolation experunents discussed earlier in 
which bees feeding on contaminated food harbored the organism for 

7 The howbee may also disseminate the bacterfa in another way. Unpublished data show that the 
causal bacteria may intest pollen in blighting Sowers even before anther dehiscence. Pollen-gathering 
dees cairy such pollen from flower to flower and infection results when it lands on the stigmas of flowers, 
even when the relative humidity of the surrouuding atmosphere is extremely low. 
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no longer than 1 day. The percentage of bees functioning in this 
capacity was relatively small (table 1), which would seem to indicate 
that the hazard of infections from this source is not great. 

SUMMARY 

The results of studies to determine the role of the honeybee and 
beehive in the development of the fire blight disease indicate that the 
fire blight organism is incapable of overwintering in the beehive or in 
association with the honeybee. Therefore these locations cannot con- 
stitute a source of primary inoculum in the spring of the year. 

This investigation extended over a period of four seasons and had 
several objectives, namely, (1) to discover the longevity of the 
bacteria causing fire-blight in the beehive when introduced through 
the natural channel in the food of the bees, (2) the longevity of the 
bacteria in sugar solutions over a range of concentrations and tem- 
peratures, (3) the location of the bacteria in relation to the life cycle 
of the insect, and (4) the extent of dissemination of the bacteria from 
the beehive to flowers in cages in the orchard. 

When introduced through the food of the bees, the fire bhght 
bacteria were not reisolated after 3 days from such locations as honey, 
comb, frame, and bees. Only in two instances were the bacteria recov- 
ered after 3 days from the time the contaminated food was taken, 
that is, from pollen at 13 days and from frame scrapings at 12 days. 

The longevity of the bacteria in the sugar solutions varied with the 
incubation temperature, the sugar concentration, and the sugam used. 
These data provide evidence that the survival of the bacteria in the 
beehive is highly improbable at the temperatures and su^r concen- 
trations normally encountered in the apiary. The bacteria survived 
for relatively short intervals (from 1 day to several weeks, depending 
on the kind of sugar and the incubation temperature) at sugar con- 
centrations of 30 percent and above, covering the rai^e of heavy 
nectar to honey that would be found in the beehive. The bacteria 
ordinarily survived longest at the lower temperatures. Of the mate- 
rials used, sucrose solution had the least bacteriostatic and bac- 
tericidal effect on the bacteria. When a B 5 mthetic culture solution 
was used as a base, the maximum sugar concentrations at which the 
fire blight organism grew in dextrose, levulose, artificial nectar, and 
sucrose were, respectively, 30, 30, 35, and 58 percent. 

The fire blight bacteria were not found associated with the imma- 
ture stages of the life cycle of the honeybee even though an abundance 
of the bacteria were present in the food of the bees at all times during 
the rearing of the brood. 

The honeybee was found to fimction in two ways, namely, (1) in 
carrying the bacteria from the beehive to flowers, and (2) in the dis- 
semination of fire blight inoculum from flower to flower. Transfer 
of inoculum from the beehive to flowers was conditioned, however, 
on the bees actively feeding on contaminated food. 
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LENGTH OF THE DORMANT PERIOD IN CEREAL SEEDS ‘ 

By A. H. Larson, assistant botanist; R. B. Harvey, 'plant physiologist; and 
John Larson, seed analyst^ Minnesota Agricultural Experiment Station ^ 

INTRODUCTION 

Cereals from a great variety of sources have been used in hybridiza- 
tion experiments to improve the yield and quality of the. grain. Little 
or no account appears to have been taken, however, of the factor of 
dormancy in the varieties used for crossing. Doubtless parent plants 
grown under different climatic conditions often differ in many other 
factors than those desired to combine in breeding, and these characters 
are not easily determined by the yield and quality of the grain or the 
anatomical structure of the plant. This paper deals with one such 
character — the heritable differences in the length of the rest period. 

In this study all types of summer and winter cereals, grown as 
nearly as possible under the same conditions, were used. Because 
of the large number of varieties employed it was necessary to use 
seed grown in field plots. The use of field-grown material has some 
practical advantages, for the effects on dormancy produced by con- 
ditions in the field may differ from those produced under controlled 
conditions in the greenhouse. 


METHODS 


Samples for testing were collected from cereals growing on field 
plots at University Farm, St, Paul, Minn. The plants were grown 
under fairly uniform conditions. 

Since it was known that the stage of maturity of the seed affects the 
length of its rest period, samples were collected at three st^es of 
maturity — soft dough, hard dough, and ripe. It was not possible to 
determine these stages accurately. Collections of all varieties of a 
certain stage of maturity generally were made on the same date, which 
is recorded together with the dates of the germination trials. Spring 
wheats were collected later than winter wheats. Collections were 
made of early and of late oat varieties. 

It was thought that temperature might affect the length of the rest 
period, and each collection was accordingly stored at electrically 
controlled constant temperatures, as follows; 0°, 10°, and 20° C. 
during the experiment of 1929; 0°, 7°, and 14° in 1930; and 0°, 10°, 
20°, 30°, and 35° for a few varieties in 1931. All the samples were 
stored in paper bags and kept in darkness except for such periods as 


1 Received for publication Mai. 26, 1936; issued July 1936. Published as Journal Swes Paper No. 
1346 of the Minnesota Agricultural Experiment Station. . . ^ 

3 The authors are indebted to Clarence Jonk, Ira Takle, and the staff of the Minnesota Stats Seed 
laboratory for assistance m germination tests, and to the Division of Agronomy and Plant CJenetips of 
the Minnesota Station for the samples of cereals used m the tests. 
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they were required for sampling. The humidity of the storage rooms 
was not determined or controlled. The storage temperature was 
electrically controlled to within ±1°. When doors were opraed, the 
temperature sometimes rose as much as 2° to 3° for a few minutes. 

The probable response of the cereals to conditions of high humidity 
in the shock or stack for short periods after rains is indicated by the 
rapidity of sprouting in the germination tests. However, these tests 
were all made at one temperature, 20° C., and it was not therefore 
possible from these data to combine the effects of high humidity with 
different temperatures in germination. Higher or lower temperatures 
combined with high humidity in wet shocks or stacks may be expected 
to modify the germination rate. 

Germination tests were made in electrically controlled germinators 
which varied less than 1° from 20° C. The tests were made under the 
standard conditions recommended by the Association of Oflacial 
Seed Analysts of North America,^ and the equipment of the Minne- 
sota State Seed Laboratory was used. Germination counts were made 
on the third, fifth, and seventh day of the test to indicate the speed of 
germination. Tests were made at intervals to determine the length 
of the dormant period for each variety. The dates of collection and 
determination of percentage germination are recorded, since the date 
of ripening differs from year to year. 

PRESENTATION OF DATA 

That there are great varietal differences in the length of the rest 
period in cereals not determined entirely by ecological or physiological 
conditions is shown by the data in tables 1 to 14. The lower the 
temperature of storage, the longer is the rest period. Cutting the 
plants while still unnpe generally increases the length of the after- 
ripening period. 

Among the barleys (tables 1-3) there was a considerable difference 
in the rate of germination. The variety with the longest rest period 
was Trebi 448. When the plants were cut ripe only 8 percent of the 
seed germinated (table 2) after 73 days^ storage at 0° C., 18 percent 
after 73 days' storage at 7°, 10 percent after 27 days at 14°, and 100 
percent after 52 days at 14°. Colcess 461 also had a rather long 
dormant period. Manchuria, Velvet, and Peatland had very short 
rest periods when stored at 14° even if cut in the soft-dough stage. 

Nearly all of the rye varieties (tables 4-6) showed a high germination 
^rcentage when cut ripe and stored at 14°. Green Select 102 and 
Prolific had the longest afterripening periods. Montagney seems to 
be characterize by a^ much shorter afterripeni^ period than other 
varieties. This is evident in early cuttings. When plants of this 
variety were cut in the soft-dough stage and the seed was stored for 
30 days 78 percent of that stored at 0° germinated and 88 percent of 
that stored at 14°. 

Oats (tables 7-10) cut in the ripe stage generally had only a short 
rest period. Gopher oats cut ripe finished their afterripening and 
germmated completely within 26 days. If a shorter time of storage 
should be taken, it wotild be difficult to separate the effects of the 

S United States Department of Aobicultuke. rules foe seed testing. Dept. Cir. 406, 

Id* 1927. 
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storage temperature from the effects of the temperature during ger- 
mination. When oats are cut green, the rest period is increased, and 
the seed shows loss tendency to sprout immediately. Low tempera- 
tures further increase the length of the rest period. 

Winter wheats (tables 11-13) showed great varietal differences in 
the length of their rest periods. Allowing the wheat to become fully 
ripe decreased the time required for afterripening. Winter wheats 
generally had a shorter rest period than spring wheats. Two separate 
crosses, Minard X Minhardi no. 2313 and no. 2314, to form the same 
hybrid between^ two winter wheat varieties, showed great similarity 
in their rest periods. Minturki wheat has a shorter rest period than 
Minard, which has a shorter rest period than Minhardi. The cross 
Minhardi X Minturki has a shorter rest period than Minard X 
Minhardi. 

Minturki seed at 14° germinated with great energy after 23 days’ 
storage, whether cut in the soft-dough, hard-dough, or ripe stages, 
but lowering the storage temperature to 0° decreased the rapidity of 
germination. Lowering the storage temperature to 7° decreased the 
rapidity of germination of that cut in the ripe stage. 

When Marquis wheat has completed its rest period, the rapidity 
or energy of germination increases; that is, a high percentage ger- 
minates after the seed has been held imder conditions favorable for 
germination for 3 days. 

Among the spring wheat varieties (tables 11, 12, and 14), some have 
a notably long rest period, failing to germinate imtil so late in autumn 
that if planted out of doom in Minnesota temperature conditions 
would prevent their germination and enforce a dormancy until 
spring. Mindum 470, MarquUlo 2202, Kubanka 2310, and Double 
Cross 2303, 2304, and 2305 have notably long rest periods. Mter 
storage for 2 months at freezing temperatures, they give practically 
no germination. At 7° storage the rest period is more than 2 months, 
and at 14° it is about a month. Double Cross 2315 and 2316 showed 
a slightly higher germination percentage on the third test than 
Double Cross 2303. 

"V^en cut ripe and stored at 14°, the rest period is about 23 days 
for Kubanka 2310, Reward 2204, Supreme 2309, Ceres 2223, and 
Reliance 2308. 

From the results of 1929 and 1930 it seemed desirable to test at 
shorter intervals the germination of some varieties that had shown a 
very short rest period and to extend the range of storage temperatures 
to 30° and 35°. This was done in 1931 with a few varieties of each 
cereal. The results of the first 2 years indicated that at low tempera- 
tures the importance of the length of the rest period was emphasized. 
In the experiments of 1929 and 1930 the temperatures used were such 
as occur after harvest time in northern Minnesota in certain years. 
In other years, however, the period following harvest, is very hot, 
and it was thought that temperatures of 30° and 35° probably would 
not be above those that might obtain at times in cereals in the shock. 

In winter wheat (table 13) collected in the hard-dough stage, the 
germination percentage was higher after 2 days storage at 0°, 10°, and 
20° C. than after 9 days (second test) or 20 days (third test) storage at 
these temperatures. Evidently the seed had not gone into its deep^t 
rest when collected in the hard-dough stage, and required about 
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9 days to reach maximum dormancy. When stored at or 35°, 
this was not the case, and the percentage germination increased with 
time of storage except in the case of Minbardi, which did not con- 
sistently increase. When the seed was collected ripe, this decrease 
in germination was not found. Storage of Minturki wheat, in the 
hard-dough stage, at 30° for 9 days was as effective in breaking the 
rest period as storage for more than 40 days at 0° or 10°. At 20° the 
time.requhed to reach 90 percent germination (7-day count) was 30 
days. For Minhardi X Minard and Minhardi X Minturki the reactions 
to storage temperatures were somewhat similar to those of Minturki. 
Storage for only 2 days at all of the various temperatures gave nearly 
the same percentage germination of winter wheat collected in the 
hard-dough stage as can be e^qpected for such a short period of storage; 
in fact, the germination period at 20° was longer than the storage 
period. Tests at such a short storage interval as 2 days were made 
only on the hard-dough stages of winter wheat and rye. The other 
samples were put directly under germinating conditions at 20° on 
the day of collection. The values of this test were taken as the original 
germination percentage and tests were not again made until the lapse 
of about 1 week. 

In the data on spring wheat (table 14) collected in the hard-dough 
stage, there is also some indication of a decrease in germination per- 
centage on the second test. This increase in depth of the resting 
condition is indicated also in collections in the hard-dough stage in 
rye (table 6), oats (tables 9 and 10), and barley (table 3), but is generally 
not shown in the collections of ripened grain. 

The effect of the higher temperatures in speeding up the after- 
ripening processes is noticeable especially in collections in the hard- 
dough and ripe stages of winter and of spring wheats, oats, and 
barley. In certain cases the higher storage temperature seem to have 
decreased germination on the second test of rye collected in the 
hard-dough stage. The greater length of the rest period of Prolific 
89 rye is marked. 

In oats a rest period of any considerable length was found only in 
the late varieties. The rest period was longer in North Dakota 20014 
than in any other variety. Cutting early or in the hard-dough stage 
is indicated as a possible means of increasing the length of the rest 
period, but this might be effective only if the temperature is low, for 
the rest period is quickly passed at high temperatures. 

SUMMARY 

The length of the rest period of common varieties of wheat, oats, 
barley, and rye was determined by germination tests at three stages 
of ripeness: Soft dough, hard dough, and ripe. The rest period was 
found to be longest in immature seeds. Lowering the temperature at 
which the seed was stored generally increased the length of the rest 
period. The length of the rest peri^ varied greatly witlx the variety. 
Generally speaking, winter wheats had a shorter rest period than 
spring wheats. 
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Table 1. — Percentages of germination of barley varieties harvested at different stages 
of maturity and stored at different temperatures, 1920 

[100 seeds taken for each test] 


Storage temperature and variety 

Germination at soft-dough 
stage, collected July 17, after 
storage for indicated number 
of days 

First 
test 1 

Second 
test 2 

Third 
test 2 

5 

7 

5 

7 

5 

7 

C.* 







Manchuria X South African 457.. 

1 

15 

0 

8 

32 

40 

Mechanical mixture 

1 

8 

2 

3 

22 

24 

Manchuria 1S4 

10 

20 

IS 

24 

28 

28 

Composite crosses 41 

2 

5 

s 

25 

24 

33 

Cols^ 461 

0 

2 

0 

3 

12 

17 

Svanhals X Lyon 474 







Small awn X Manchuria 412 







Heinrich’s 465— - 

3 

36 

38 

63 

91 

97 

Glabron 445 

0 

2 

0 

3 

3 

6 

Svansota 440 

3 

10 

0 

5 

27 

33 

Velvet 147 

2 

16 

4 

18 

96 

97 

Trebi 448 

3 

19 

0 

12 

45 

56 

Peatland 452 

4 

31 

9 

27 

80 

97 

Minsturdi 439 

4 

16 

28 

51 

87 

89 

0° C 







Manchuria X South African 457— 

1 

2 

3 

7 



Mechanical mixture 

0 

0 

1 

2 



Manchuria 184 ' 

3 

5 

13 

14 



Composite crosses 41 - 

1 

3 

10 

14 



Colsess ^1. 

1 

1 

2 

3 



Svanhals X Lyon 474 







Small awn X Manchuria 412 







Heinrich’s 465 

0 

0 

26 

29 



Glabron 445 

0 

0 

1 

2 

37 

41 

Svansota 440 

0 

0 

10 

11 

24 

25 

Velvet 447 - 

0 

0 

11 

13 



Trebi 448 

0 

1 

3 

13 

30 

41 

Peatland 452. 

0 

2 

29 

33 



Minsturdi 439 

1 

8 

28 

46 



0® C : 







Manchuria X South African 457.. 

9 

16 

91 

94 



Mechanical mixture 

1 

1 

59 

63 

100 

IGO 

Manchuria 184 

4 

6 

75 

75 



Composite crosses 41 

15 

26 

38 

41 

94 

94 

Colsess 461 

6 

10 

31 

43 

58 

62 

Svanhals X Lyon 474 







Small awn X Manchuria 412 







Heinrich’s 466 

6 

7 

100 

100 



Glabron 445. . 

4 

6 

58 

62 



Svansota 440 

2 

3 

100 




Velvet 447-, 

2 

2 

100 

ioo' 



Trebi 448 

9 

14 

27 

35 

58 

73 

Peatland 452 

43 

46 

100 

100 



Minsturdi 439 

4 

23 

16 

37 











Germination at ripe stage, col- 
lected July 26, after storage for 
indicated number of days 


First 

Second 

Third 

test 1 

test 2 

test 2 

5 

7 

5 

7 

5 

7 

0 

2 

2 

10 

19 

21 

7 

10 

2 

8 

77 

81 

0 

1 

3 

6 

85 

85 

4 

8 

0 

2 

71 

77 

0 

1 

4 

6 

7 

10 

13 

33 

5 

20 

53 

67 

4 

5 

5 

13 

27 

34 

0 

1 

62 

65 



1 

3 

2 

8 

18 

28 

4 

4 

1 

7 



5 

12 

8 

12 

88 

88 

1 

2 

6 

23 

54 

66 

7 

9 

S3 

86 

100 

100 

3 

5 

16 

22 

94 

95 

1 

S 

7 

15 



2 

6 

25 

31 

100 

100 

12 

14 

21 

24 

98 

98 

2 

12 

24 

38 



1 

3 

27 

30 

6 

22 

1 

7 

3 

11 

89 

89 

2 

3 

8 

15 



0 

0 

19 

31 

93 

93 

0 

1 

8 

10 

70 1 

72 

0 

1 

35 

49 

99 

99 

4 

10 

49 

64 

98 

98 

1 

2 

2 

S 

33 

64 

4 

5 

93 

95 



0 

13 

61 1 

69 



3 

13 

83 

84 



1 ' 

3 

86 

87 



4 

6 

75 

75 




13 

66 

73 



3 

3 

1 i 

S 

58 

70 

4 

9 

78 

82 




6 

79 : 

8? 

! 


2 

6 

98 i 

99 



1 

2 

59 

67 

95 i 

95 

0 

4 

99 

100 



2 

11 

98 

98 ! 



1 

3 

98 

99 



70 

74 

100 

100 



2 

17 

100 

100 1 




1 Begun Aug. 8, ended Aug. 15. 

2 Begun Sept. 6, ended Sept. 12. 

3 Begun Sept 25, and Oct. 2. 



Table 2. — Percentages of germination of barley varieties harvested at different stages of maturity and stored under ehff event temperature^, 1980 

[50 seeds taken for each test] 
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Table 3 — Percentages of gerinination of barley varieties harvested at different stages 
of maturity and stored at different temperatures^ 1931 

[100 seeds collected for each test] 

HARD-DOUGH STAGE, COLLECTED JULY 11 1 


Storage temperature 
and variety 

Germmation 
in first test 
after storage 
for mdicated 
number of 
days 

Germmation 
m second test 
after storage 
for mdicated 
number of 
days 

Germmation 
m third test 
after storage 
for mdicated 
number of 
days 

Germmation 
m fourth test 
after storage 
for mdicated 
number of 
days 

Germmation 
m fifth test 
after storage 
for mdicated 
number of 
days 

Germination 
m SLxth test 
after storage 
for mdicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 
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1 

1 

3 

4 

13 

42 

5 

16 

48 

40 

44 

51 

66 

78 

81 





0 

0 

3 

0 

0 

31 

1 

2 

19 

0 

1 

13 

0 

3 

6 

Manchuria 184.. 




1 

2 

4 

3 

3 

5 

5 

6 

9 

7 

7 

8 

6 

7 

8 

Glabron 445 




0 

0 

1 

4 

6 

12 

0 

0 

0 

0 

0 

2 

0 
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5 
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Peatland 452 




2 

5 

8 

22 

34 

45 

45 

59 

67 

63 

67 

71 

69 

74 

77 

Trehi 448 




2 

3 

4 

2 

11 

23 

5 

15 

40 

7 

9 

22 

4 

12 

23 

Manchuria 184.. 




5 

12 

17 

14 

24 

31 

27 

31 

38 

31 

33 

37 

26 

32 

34 

Glabron 445... 




2 

4 
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1 

5 

10 

4 

6 

20 

6 

9 
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50 
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1 

1 

2 

2 

2 

2 

2 

9 

15 

1 

6 

7 

9 

13 

17 

9 

15 

17 
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1 

4 

5 

10 

14 

14 

23 

24 

26 

27 

27 

29 

31 

31 

33 

36 

41 

48 

Glabron 445 

3 

4 

10 

0 

0 

0 

0 

1 

1 

0 

2 

2 

2 

2 

4 

5 

5 

9 

30°C.: 
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99 

99 1 

99 

98 
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99 

99 

99 

99 
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1 

4 

17 

76 

93 

'96' 

85 

99 

99 

99 

99 

99 

99 
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RIPE STAGE, COLLECTED JULY 20 2 


0®C.: 
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10° C.; 
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20°C.; 
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86 

0 

13 

3 

96 

0 

31 

10 

98 

2 

43 

29 
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30°C : 
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Peatland 452 




Trebi 448 



Manchuria 184. . 
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90 
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93 

97 

98 

98 

93 

93 

94 

99 
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0 

0 

0 

0 

0 
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0 
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29 

42 

54 
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44 

67 

27 

54 
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5 
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31 
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33 

48 

92 

94 

94 

92 

95 

96 

94 

94 

95 

96 

96 

96 
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0 
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1 

2 
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16 
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13 

20 
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35 
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67 

82 

87 
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19 
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48 

83 

92 

95 

98 

98 

98 
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32 

47 

13 

34 

61 

66 

77 

84 

83 

89 

93 

98 
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99 i 
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98 

98 

98 

99 

99 

99 
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0 
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0 
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8 

9 

77 
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66 
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99 
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82 
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99 

99 
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98 
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97 
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99 

99 

99 
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0 

3 

7 

0 

"T 

'i§' 

8 

'79' 


33 

’99' 

“99’ 

88 

"98' 

”98 

96 

98 

99 
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99 

100 


100 



86 

94 

96 

91 

’94’ 

’95’ 

99 

i5o’ 


97 

98 

’99’ 

99 

i56" 



^ ^ test was made J uly 11, second test July 18, third test July 25, fourth test Au?. 1, fifth test Aue. 8, 
SlXtD MSt Aug. 15. 

17* ^ fourth test Aug 10, fifth test Aug 
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Table 4. — Percentages of germination of rye varieties harvested at different stages of 
maturity and stored at different temperatures, 1929 

[100 seeds taken for each test] 


Germination at soft- 
dough stage, col- 
lected July 2, after 
storage for indi- 
cated number of 
days 


Germination at hard- 
dough stage, col- 
lected July 6, after 
storage for mdi- 
cated number of 
days 


Germination at ripe 
stage, collected July 
10, after storage for 
indicated number 
of days 


Storage temperature and variety 



First test i 

Second 
test 2 

First test i 

Second 
test 2 

First test ^ 

Second 
test 2 


3 

5 

7 

3 

7 

3 

5 

7 


7 

3 

5 

7 

3 

7 

0° C : 
















Green select 102 

47 

57 

66 

52 

60 

53 

71 

83 

79 

87 

64 

70 

75 

94 

96 

Rosen 82 

76 

81 

85 

12 

27 

86 

90 

92 

94 

98 

76 

81 

85 

94 

100 


72 

83 

86 

12 

26 

13 

20 

29 

30 

39 






Synthetic 92' 

40 

43 

51 

70 

78 

89 

90 

94 

93 

98 

72 

79 

84 

95 

09 

Emerald 92 

41 

53 

63 

48 

62 

85 

90 

91 

90 

96 

84 

91 

95 

100 


Colorless 104 

47 

55 

64 

48 

61 

62 

72 

76 

89 

93 

76 

83 

89 

79 

90 

Swedish 2 - 

65 

79 

86 

74 

83 

67 

86 

89 

94 

99 

78 

92 

93 

98 

99 

Dakold 93 - 

76 

78 

82 

83 

89 

84 

94 


95 

98 

77 

85 

87 

86 

99 

Green select 103 

20 

26 

36 

16 

25 

87 

94 

96 

66 

87 

45 

60 

87 

90 

92 

Synthetic 90 

28 

34 

42 

32 

47 

87 

92 

93 

97 

99 

67 

82 

86 

95 

98 


75 

76 

78 

69 

76 

87 

91 

92 

94 

94 

98 



99 

99 

10° 0 : 
















Green select 102 

59 

70 

73 

77 

83 

84 

85 

87 

98 

98 

93 

97 

99 

98 

98 

Rosen 82 

11 

29 

34 

47 

79 

92 

93 

95 

92 

94 

88 

95 

96 

100 



Prolific 89 

3 

8 

13 

20 

27 

3 


4 

8 

15 






Synthetic 92 

27 

33 

42 

49 

66 

96 

99 


100 


95 



100 


Emerald 92 

39 

49 

62 

68 

85 

99 



100 


97 

98 


99 

99 

Colorless 104.. 

43 

o6 

62 

77 

89 

91 

95 

96 

95 

97 

85 

95 

96 

96 

97 

Swedish 2,. 

55 

67 

73 

87 

92 

100 



100 


100 



99 

99 

Dakold 93 

75 

81 

86 

96 

98 

95 

ioo’ 


97 

'98' 

98 

ioo' 


95 

97 

Green select 103 

15 

30 

40 

53 

75 

91 

93 



96 

05 

97 

99 



100 



Synthetic 90 - 

27 

36 

47 

69 

83 

99 



9& 

99 

96 

97 


100 


Synthetic 91 

36 

48 

62 

80 

92 

99 



100 


99 


166 ’ 

100 : 


20° 0 ; 
















Green select 102 




90 

92 

94 

96 


92 

92 

86 

92 

93 

97 

97 

Rosen 82 

'66' 

'87' 

Yl 

97 

97 

78 

92 

"qa 

100 


97 

98 


97 ^ 

97 

Prolific 89 

87 

92 

94 

99 

90 

54 

61 

67 

86 

'oi' 






Synthetic 92 

78 

94 

95 

97 

97 

87 

93 

96 

99 

99 

' 90 ' 

‘ 97 ' 



'ioo 

E nerald 92 

87 

95 

96 

95 

98 

96 

98 

99 

100 


97 

99 

__ 

99 

99 

Colorless 104.. 

80 

94 


92 

94 

89 

95 


99 

' 99 ' 

80 

92 

93 

98 ! 

98 

Swedish 2_. 

91 

97 

98 

99 

99 

95 

97 

98 

100 

.. 

97 

99 


97 

98 

Dakold 93 

93 

98 


98 

99 

96 

99 


99 

99 

89 

94 

96 

100 : 



Green select 103 

76 

88 

93 

93 

96 

97 

98 

99 

98 

98 

93 

97 

97 

100 1 



Synthetic 90.. 

60 

77 

83 

99 

99 

85 

91 

92 



89 

98 

98 

99 

97 

Synthetic 91 

76 

83 

84 

93 

93 

96 



ioo 


98 

98 

98 

100 1 



















1 Begun Aug. 14, ended Aug. 21. 


3 Begun Sept. 10, ended Sept 17. 



Table 5. — Percentages of germination of nje varieties harvested at different stages of maturity and stored at different temperatures, 1930 

IfiO seeds taken for each test] 
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Germination at ripe stage, collected July 
11 , after storage for indicated number of 
days 

Third test '' 
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Germination at hard-dough stage, col- 
lected July 2, after storage for indi- 
cated number of days 
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Germination at soft-dough stage, col- 
lected June 28, after storage for indi- 
cated number of days 
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-cH CON X ogoggo-ei N nooono on^ncoco NNog^jH-^fi 

Storage temperature and variety 

0° C.: 

Green Select 102 

Rosen 82 

ProMc89 

Synthetic 92 

Emerald 92 

Colorless 104 

Swedish 2 _ 

Dakold 93 

Montaemev 

Green Select 103 

Synthetic 90 — 

Synthetic 91 

7° C : 

Green Select 102 

Rosen 82_ 

Prolific 89 

Synthetic 92 

j^^meraia v}!-— 

Colorless 104 

Swedish 2 

Dakold 93 

Montagney 

Green Select 103 

Synthetic 90 _ ___ 

Synthetic 91. 

14“ C.. 

Green Select 102 

Rosen 82 

Prolific 89 _ . 

Synthetic 92 

Emerald 92 

Colorless 104 
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Table 6. — Germination percentages of rye varieties harvested at different stages of 
maturity and stored at different temperatures, 1931 
[100 seeds collected for each test] 

HARD-DOUGH STAGE, COLLECTED JULY 6i 


Storage tempera- 
ture and variety 

Germina- 
tion in first 
test after 
storage for 
indicated 
number of 
days 

Germina- 
tion in sec- 
ond test aftei 
storage for 
indicated 
number of 
days 

Germina- 
tion in third 
test after 
storage for 
indicated 
number of 
dajrs 

Germina- 
tion in fourth 
test after 
storage for 
indicated 
number of 
days 

Germina- 
tion in fifth 
test after 
storage for 
indicated 
number of 
days 

Germina- 
tion in sixth 
test after 
storage for 
indicated 
number of 
days 

3 

6 

7 

3 

6 

7 

3 

6 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° C.: 

Green Select 102. 

50 

61 

63 

73 

90 

94 

79 

90 

93 

79 

91 

96 

80 

90 

95 

87 

97 

98 

Rosen 82 

21 

30 

39 

78 

88 

91 

78 

86 

88 

82 

91 

96 

67 

78 

94 

85 

95 

98 

Prolific 89 3 




1 

5 

22 

2 

14 

23 

6 

14 

21 

9 

17 

33 

9 

17 

35 

Emerald 92 

73 

83 

86 

92 

96 

96 

80 

86 

91 

86 

95 

96 

90 

98 

98 

95 

97 

97 

10° C.: 



















Green Select 102. 

54 

75 

77 

43 

68 

79 

84 

93 

96 

92 

97 

98 

81 

95 

97 

95 

97 

98 

Rosen 82 

26 

45 

56 

70 

85 

91 

66 

84 

89 

88 

93 

95 

82 

92 

95 

96 

100 

— 

Prolific 89 2 i 




1 

6 

9 

4 

10 

25 

0 

5 

22 

21 

26 

39 

18 

31 

45 

Emfirnld 

76 

83 

88 

83 

88 

88 

92 

95 

96 

96 

98 

99 

94 

98 

99 

100 



20° C • 










Green Select 102. 

47 

69 

76 

30 

60 

63 

43 

70 

74 

87 

94 

95 

88 

96 

99 

98 

100 

— 

Rosen 82 

20 

34 

49 

19 

40 

46 

34 

73 

81 

81 

90 

95 

79 

92 

96 

89 

96 

97 

Prolific 89 2 

2 

4 

25 

2 

19 

26 

6 

28 

45 

14 

23 

33 

60 

72 

79 

84 

92 

93 

"RTTYAralfl Q9 

75 

86 

87 

75 

87 

89 

82 

92 

96 

95 

98 

99 

100 



100 



30° C.* 







Green Select 102. 

59 

76 

86 

34 

68 

71 

29 

83 

87 

88 

99 

100 

90 

99 

100 

100 



— 

Rnsen 82 

25 

45 

53 

49 

78 

86 

42 

86 

91 

96 

99 

99 

93 

99 

99 j 

100 



Prolific 89 * 

2 

8 

28 

13 

39 

73 

61 

72 

84 

98 

100 


100 



Em Aral 02 

"tT 

'se' 

'89' 

45 

60 

73 

74 

93 

94 

100 



100 



100 



35° C.' 










Green Select 102. 

52 

80 

87 

14 

50 

59 

66 

88 

92 

92 

98 

98 

99 

ilOO 


100 



"Rnspn 82 

! 22 

45 

64 

28 

40 

49 

64 

82 

84 

90 

92 

94 

97 

98 

*98' 

100 



Prolific 89 3 

5 

21 

42 

41 

71 

86 

81 

94 

96 

97 

98 

98 

100 



Emerald 92 

|io* 

‘89^ 

'90‘ 

62 

78 

87 

88 

94 

96 

99 

lOO 


98 

98 

98 

100 

.... 

.... 


RIPE STAGE, COLLECTED JULY 20 3 


’ C.' 1 

Green Select 102. 




65 

82 

93 

76 

94 

97 

100 



98 

99 

99 

100 



Rosen 82 




59 

80 

86 

68 

80 

94 

97 

98 

98 

96 

97 

97 

98 

98 

98 

Prolific 89 




28 

56 

69 

50 

61 

78 

76 

87 

90 

88 

96 

98 

88 

94 

96 

Emerald 92 




93 

99 

99 

97 

98 

99 

98 

99 

9 

99 

99 

99 

96 

97 

98 

1° C . 




70 

88 

91 

80 

93 

95 

100 



100 



99 

99 

99 

Rosen 82 




68 

86 

94 

74 

87 

94 

100 



99 

99 

99 

100 



Prolific 89 




23 

65 

74 

76 

88 

91 

94 

97 

98 

97 

100 


99 

100 


Emerald 92. _ .. 




89 

96 

99 

99 

99 

99 

98 

98 

98 

99 

99 

99 

100 



D° C.- 

Green Select 102. 

56 

77 

87 

82 . 

91 

93 

94 

98 

98 

100 



100 



100 



Rosen 82 

40 

53 

72 

47 

76 

79 

81 

92 

93 i 

94 

95 

96 

98 

98 

98 

99 

99 

99 

lYolifie 89 

9 

25 

50 

33 

64 

75 

49 

82 

90 

94 

95 

98 

100 



100 



Emerald 92 

72 

91 

95 

99 

100 


100 



100 



100 



100 



0° C.: 



















Green Select 102. 




72 ; 

93 

94 

96 

100 


100 



99 

99 

99 

100 



Rosen 82 




71 1 

87 

88 

96 

100 


100 



99 

99 

99 

100 



Prolific 89 




25 

66 

83 

45 

81 

94 ' 

100 



100 



98 

r99' 

'99 

Emer^d 92 




97 

99 

99 

99 

99 

99 

100 



99 

99 ' 

' 99 ' 

100 



6° C.: 

Green Select 102. 




76 

90 

; 94 

82 

97 

97 

100 



100 



99 

99 

99 

Rosen 82 - 




53 

78 

77 

81 

91 

95 

97 

'9^ 

W 

96 

'os' 

’gg” 

99 

99 

99 

lYolific 89 




15 

46 

1 66 

78 

90 

94 

100 

100 



100 

Emerald 92 




94 

98 

^ 98 

100 



100 



99 

'99'' 

'99' 

100 





















I The first test was made July 8, second test July 15, third test July 22, fourth test July 29, fifth test Aug. 
5, and sixth test Aug. 12 
3 Collected July 11. Sprmg variety. 

* The first test was made July 20, second test July 28, third test Aug. 3, fourth test Aug. 10, fifth test Aug. 
17, and sixth test Aug. 2L 
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Table 7 . — Percentages of germination of early and late oat varieties harvested at 
different stages of maturity and stored at different temperatures, 1929 

[100 seeds taken for each test] 

EARLY VARIETIES 



Germination at soft- 
dough stage 1 after 
storage for indicated 
number of days 

Germination at hard- 
dough staged after 
storage for indicated 
number of days 

Germination at ripe 
stage 3 after storage 
for indicated num- 
ber of days 

Storage temperature and variety 

Eirst 
test 4 

Second 
test * 

Third 
test * 

First 
test 4 

Second 
test 5 

Third 
test 6 

First 
test < 

Second 
test 5 

Thud 
test *> 


5 

7 

5 

7 

5 

7 

5 

7 

5 

7 

5 

7 

5 

7 

5 

7 

5 

7 

0® C 

Double Cross 730. 


























































29 

62 

60 

88 

85 

93 







78 

90 

71 

93 



North Dakota 22005 

11 

21 

0 

16 

45 

58 

2 

23 

4 

39 


75 

0 

12 

0 

40 

93 

95 

logold 711 

0 

15 

5 

36 

62 

84 



1 

9 

2 

12 

73 

87 

Liberty Hull less 676 

27 

42 

51 

69 

58 

66 







52 

64 

41 

68 

99 

10*^ C : 

Double Cross 730 










Minrus 693 



















Rainbow 710 



















Gooher 674 

20 

45 

39 

59 

72 

77 







7 

47 

47 

77 



North Dakota 2^5 

0 

0 

0 

12 

0 

10 

10 

48 



9 

36 

10 

74 

100 


logold 711 

1 

3 

0 

8 

57 

65 



2 

19 

11 

44 


Liberty Hull-less 676 

10 

24 

39 

68 








75 

88 

62 

81 

20® C. 

Double Cross 730 













Minrus 693 



















Rainbow 710 



















Gooher 674 


*67 

63 


'84 








"79 

’94 

’95 

”95 



North Dakota 2^5 

21 

50 

89 

95 


"8 


"oi 

”99 



16 

52 

99 

100 



logold 711- - 

13 

25 

49 

66 

'77 

'79 



47 

70 

80 

84 



Liberty Hull-less 676 

65 

89 

98 







95 

98 

100 




















LATE VARIETIES 


0® C : 

Anthony 686 

0 

13 

2 

20 

61 

77 

0 

19 

1 3 

1 13 

39 

76 

i 6 

30 

0 

i 

6 

63 

79 

Green Russian 713 


5 

24 

* 32 

' 63 

49 

70 

22 

47 

37 

62 

98 


33 

59 

63 

79 



27 

60 

59 

84 

44 

56 

56 

71 

95 

99 

White Russian X Victory 696. 







2 

16 

4 

37 

9 

41 

3 

' 20 

5 

! 41 

88 

92 

9 

22 

1 

31 

85 

90 


8 

24 

1 

28 

6 

28 

5 

29 

1 

20 

65 

84 

14 

56 

20 

54 

77 

1 83 


1 

2 

0 

3 

84 


2 

12 

1 

5 

39 

58 

1 

2 

0 

1 3 

84 

1 94 

10® C.* 

0 

5 

0 

5 

0 

5 

0 

5 

4 

15 

5 

19 

94 

95 

Green Russian 713 

2 

14 

0 

46 



36 

70 

6 

27 

82 

86 

27 

65 

62 

SO 


7 

9 

6 

23 1 



20 

70 

17 

55 

38 

68 


80 



White Russian X Victory 696_ 1 
Minota 512 









"0 

'3 

*”6 

*”5 



"0 

"s 

''6 

"19 



“2 

”4 

"ii 

'43 



Victory 514-. __ 

li 

30 

1 

37 



2 

21 

6 

29 



12 

72 

26 

70 

98 


North Dakota 20014 

0 

2i 

2 

8 


”1 

0 

0 

0 

0 

‘58 


0 

1 

12| 

27 



20° C . 

Anthnny ffSe __ 

36 

53 

96 

97, 



3 

7 

48 

83 

1 

1 

11 ' 

73 : 

76 



Green Russian 713 

38 

78 

89 

94 ' 



7i 

68' 

65 

89 



43 

82l 

951 

97 

I 


Green Russian 677 

42 

55 

59 

61 



45 

97 

76 

79 

! 



53 

66 

94 

96 



White Russian X Victory 696.. 








Minota 512 


'70 

92 

’§9 



13 

42 


”97 



‘15 

’44 

94 

“97 



Victory 514-, 

32 

70 

92 

94 



10 

54 

65 

98, 



21 

89 

86 

91 



North Dakota 20014 

0 

10 

40 

43 

'92 


0 

9 

41 

65 

"98 


0 

17 

93 

97 1 











: 



1 Early varieties collected July 18; late varieties July 24 

2 Early varieties collected July 23; late varieties July 29. 
2 Early varieties collected July 26; late varieties Aug. 1. 
< Begun Aug. 7, ended Aug. 14. 

* Begun Aug. 30, ended Sept 6. 

6 Begun Sept. 23, ended Sept 30. 



Table 8. Percentages of germination of early and late oat varieties harvested at different stages of maturity and stored at different temyerai 

1930 

[50 seeds taken for each test) 
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Germination at ripe stage 3 after storage for indi- 
cated number of days 

1 Third test 12 


1 1 t 1 1 00 1 1 1 1 1 

1 1 1 1 [ 0 I lilt 



kO 

0(11001 0 0 1 1 

S 1 ■ 1 0 c» ' ^ ^ 

j 

1 

100 ' 
100 


CQ 

gsssssss ss||8|| sas|s|| | 

Second test “ 


sgs iss 1 §$ss 




oo!r^T*< loo I oooooo 

I OOOO >05 1 0505005 

1 1 : 

100 

100 


m 

lllllll 

a 

E>3 


ao-t^ao loooo ""S^'iijQOo 
(<0^-05 0500 Q0O 

yo 

92 

98 

100 ! 

S io j 

*0 

3SS!|2SiS gg§gSS:S| Sg8|$|g 

CO 

OOOgOO» OOgg<N^g 

Germination at hard-ilougli stage 2 after stor- 
age for indicated number of days 

Third test « 


-^lOOMOOOO ' ^OO-^OOl 
0005lOC5>JOt'. ' 005d505C 

' S ' '52 

3C ^ ^ ' CJi 

00 t 1 

05 1 » 

1 1 


00(NOO'<J>00 > CDOOOOCDC 
i^a5iJ5o’«T'0 • 050500C5C 

94 

96 

100 

100 

94 

g 1 j 

CO 

assss^as gsssssss ssssssss 

1 

-c 

1 


tOOOO-^OOCJO IMOCOCO- 
00 00 05 lO ic 05 05000050 

1 1 > 

■p 0 1 1 OO ICO 

0 m 1 1 03 1 03 

98 
96 : 

iC 

0 30 0 Cl -cti W 00 C100«5c 

00 M 05 CO «3 C33 O^C-OSt 

DO I 1 cD 1 00 

-05 ' I 05 1 05 

t 1 1 

96 

86 

CO 

SSSSSSg 

First test ’ | 

1 

- 

0 CIO «0 00 OOdOO-^WO OdCOTt^OClCO 

C^CO t- T-> 00 1^ CO d CO CO 00 0 00 lO t- t > 0 

»o 

g=oogoo« gooooooo« 

CO 

0000000 doO’<it*ooeo 

Germination at soft-dough stage > after stor- 
j age for indicated number of days , 

Third test ® 

t- 

?5SSSS“S sssss 

I sggg 

88 ! 

1 

1 

U3 

eo ^ 0 Q -«»< CD COOOCOOO 

05 t-^OOlQcSc 

I 72 

96 

90 

86 

92 

go CM I 

1 

CO 

=>g3=>S3'^«g ggggsgg S832§8S| 

Second test ® 

- 

SSg8SSg5S 

lO 

OOO-<i<OO0Q -tt* 0 0 0 0 00 <0 0 0 CO 'tj <0 cp 

iO t-00c00000^05 

CO 

000=000 000 , oog Sgogggg 

1 

1 

- 

^^Ogdog ^goooow 

»Q 

'="8”?^®®^ 

CO 

0000000 OOOOOOOO OOO^OOd 

Storage temperature and variety 

O'* C.: 

Double Cross 730 

Minnas 693 

Bainbow 710 

Gopher 674- 

North Dakota 22005 

logold 711 

Liberty Hull-less 676 

7® 0.: 

Double Cross 730_ 

Minrus 693 

Kalnbow 710 

Gopher 674 

TiTnrth DuVnlfl 

logold 711 

Liberty Hull-less 676 

14° C.: 

Double Cross 730 . 

Minrus 693 

Rainbow 710 — 

Gopher 674 

^ is 

S 1 0 

« il 
'i I? 

>» 

iis 



LATE VARIETIES 
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Table 9 . — Germination 'percentages of early oat varieties harvested at different dates 
and stored at dtfferent tetnperatureSj 1931 

[100 seeds taken for each test] 

HARD-DOUGH STAGE, COLLECTED JULY 11 1 


Storage temperature 
and variety 

Germination 
m first test 
after storage 
for mdicated 
number of 
days 

Germmation 
tu second test 
after storage 
for mdicated 
number of 
days 

Germmation 
in third test 
after storage 
for mdicated 
number of 
days 

Germination 
in fourth test 
after storage 
for mdicated 
number of 
days 

Germination 
in fifth test 
after storage 
for mdicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° C 
















Double Cross 730.. 




1 

2 

3 

0 

4 

27 

1 

5 

32 

1 

2 

6 

Alinrus 693 




0 

2 

18 

n 

0 

‘5] 

1 

2 

‘^6 

0 

1 

15 

Gopher 674 2 




40 

89 

92 

14 

72 

81 

?0 

78 

86 

76 

79 

84 

logold 711 3 




0 

0 

2 

Q 

4 

39 

1 

2 

46 


14 

36 

10° C.: 










Double Cross 730— 




0 

4 

5 

0 

0 

5 

9 

1? 

35 

3 

s 

16 

Minrus 693--- 




0 

4 

41 

0 


9 

,5 

36 

53 

24 

39 

58 

Gopher 674 2 




40 

80 

90 

ai 

86 

91 

55 

90 

93 

S7 

95 

99 

logold 711 2 




0 

2 

10 

L 

8 

.13 

3 

46 

48 

38 

54 

56 

20° C.: 









Double Cross 730- 

6 

10 

21 

0 

8 

17 

5 

28 

45 

57 

74 

87 

68 

73 

85 

Mmrus 693 - 

8 

25 

47 

7 

42 

61 

tt 

53 

70 

28 

67 

76 

76 

85 

90 

Gopher 674 2 

48 

82 

86 

60 

90 

98 

85 

91 

93 

88 

93 

93 

97 

98 

98 

logold 711 2 

0 

7 

24 

(1 

20 

43 

15 

53 

69 

73 

88 

89 

87 

91 

96 

30° C. 
















Double Cross 730.- 




20 

69 

74 

74 

95 

99 

89 

97 

99 

100 



Mmrus 693 ! 




21 

54 

69 

25 

88 

91 

63 

89 

94 

96 

'96' 

'97' 

Gopher 674 * 1 




42 

84 

93 

92 

98 

99 

93 

98 

98 

100 

logold 711 2 1 




52 

68 

79 

73 

89 

94 

83 

97 

99 

98 

98 

~98~ 

35° C.- 


i 








Double Cross 730- ! 




13 

52 

61 

81 

89 

93 

94 

100 


100 



Minrus 693 1 




15 

36 

49 

23 

84 

91 

79 

99 

'99 

94 

'99" 

'99" 

Gopher 674 *_ ! 




40 

75 

80 

S3 

93 

95 

92 

100 


lOO 



logold 711 3 j 

— - 

.... 

.... 

68 

89 

95 

69 

95 

98 

91 

97 

i5o' 

99 

ioo' 



Germination 
m sixth test 
after storage 
for mdicated 
number of 
days 


3 

5 

7 

1 

7 

22 

0 

6 

25 

57 

89 

92 

6 

46 

55 

5 

36 

49 

S 

79 

81 

56 

95 

96 

54 

77 

SI 

94 

99 

99 

55 

93 

94 

95 

99 

99 

88 

98 

98 

92 

98 

98 

72 

97 

97 

96 

98 

99 

84 

99 

100 

98 

100 


64 

92 

”95 

92 

98 

98 

91 

99 

99 
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0°C.: 

Double Cross 730. 

Mlnnis 693 

Gopher 67i* 

logold 711 2 

10° C.. 

Double Cross 730. 

Mmrus 693 - 

Gopher 674 ’ 

logold 711 2 

20° O.* 


Double Cross 730- - 

Minrus ^ 

Ooptor 674 * 

logold 711 2 : 

30° C ; 1 


1 

0 

74 

1 


21 

11 

97 

40 


25 

35 

99 

50 


Double Cross 730. 

Minrus WQ 

Gopher 674 » 

logold 7111 

35® C.; 


Double Cross 730. 

Minrus 693 

Gopher 674 * 

logold 711 * 


34 

67 

68 

12 

55 

77 

23 

75 

81 

43 

88 

94 

77 

94 

96 

7 

56 

63 

4 

52 

77 

16 

77 

86 

28 

83 

90 

69 

90 

93 

96 

99 

99 

81 

9o 

98 

93 

98 

98 

93 

95 

96 

92 

97 

97 

42 

73 

79 

39 

84 

91 

89 

93 

93 

88 

99 

99 

88 

95 

95 

28 

51 

54 

5 

44 

.5 

31 i 

86 

90 

62 

90 

93 

92 

96 

96 

16 

53 

68 

2 

38 

67 

19 

83 

87 

41 

90 

90 

83 

99 

99 

84 

86 

88 

S3 

95 

95 

96 

98 

99 

90 

95 1 

90 

88 

92 

92 

42 

74 

80 

15 

72 

80 

82 

98 

98 

: 88 

96 

96 

92 

96 

96 

46 

78 

80 

74 

92 

93 

89 

99 

100 

98 

99 

99 

100 



29 

79 

82 

32 

92 

96 

63 

100 


91 

100 


93 

95 

95 

2 

17 

22 

08 

99 

99 

97 

98 

'98' 

100 



93 

‘ 98 

99 

0 

2 

5 

00 

96 

96 

90 

94 

94 

83 

i'99’ 

’99’ 

96 

97 

97 

89 

96 

96 

95 

9S 

98 

100 



98 

100 


100 



72 

99 

99 

73 

100 


90 

ioo’ 


95 

99 

'99' 

86 

98 

”98 

100 



98 

99 

ioo~ 

98 

99 

99 

97 

97 

97 

98 

100 


87 

W 


97 

99 

99 

100 


100 

96 

99 

”99 

98 

97 

97 

99 

99 

99 

98 

100 


99 

100 

* 

100 


76 

93 

96 

94 

98 

99 

98 

99 

'99’ 

95 

100 


92 

’Is" 

"98 

100 




96 

97 

98 

93 

100 


94 

97 

‘97’ 

90 

96 

97 

88 

98 

98 

97 

100 

— 

99 

100 

.... 

99 

100 


96 

99 

99 


test July 18, third teat July 25, fourth test Aug 1, fifth test Aug. 8, 

2 Collected July 8. 

anVSthl^A^Sf^® third test Aug. 5, fourth test Aug. 12, fifth test Aug. 19, 
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Table 10 . — Germination percentages of late oat varieties harvested at different dates 
and stored at different temperatures, 1931 

[100 seeds taken for each test] 

HARD-DOUGH STAGE, COLLECTED JULY 13 i 


Storage temperature 
and variety 

Germ matron 
m first test 
after storage 
for indicated 
number of 
days 

3 

5 

7 

0 ®c.- 




Russian Green 
713 








North" Dakota 
20014 




10 ° c • 




Russian Green 
713 








North" Dakota i 
20014 




20° C 

Anthony 686 

Russian Green 
713 

0 

0 

0 

0 

2 

4 

4 

0 

16 

23 

18 

1 

Victory 514 

North Dakota 
20014 

30° C • 

Anthony 686 

Russian Green 
713 




Victory 514 




North Dakota 
2W14 




35° C • 

Anthony 686 




Russian Green 
713 




Victory 514 . 




North Dakota 
20014 - - - 









Germination 
m second test 
after storage 
for indicated 
number of 
days 

Germmation 
m third test 
after storage 
for indicated 
number of 
days 

Germmation 
m fourth test 
after storage 
for indicated 
number of 
days 

Germmation 
in fifth test 
after storage 
for mdicated 
number of 
days 

Germmation 
m sixth test 
after storage 
for indicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0 

0 

1 

0 

1 

20 

0 

0 

2 

0 

2 

11 

C 

2 

7 

0 

15 

24 

1 

42 

55 

0 

6 

30 

0 

5 

39 

0 

13 

55 

0 

7 

17 

0 

21 

42 

0 

0 

14 

0 

2 

7 

0 

3 

21 

0 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

1 

9 

9 

16 

0 

0 

0 

0 


7 

1 

4 

10 

1 

12 

28 

0 

40 

58 

1 

4 

6 

2 

28 

62 

2 

31 

46 

3 

41 

52 

15 

77 

87 

0 

0 

0 

0 

8 

22 

0 

4 

20 

1 

8 

26 

9 

48 

60 

0 

0 

0 

0 

0 

8 

0 

1 

3 

1 

10 

21 

6 

49 

57 

0 

0 

0 

0 

7 

26 

0 

9 

35 

1 

38 

65 

24 

80 

89 

4 

20 

26 

6 

43 

71 

5 

59 

73 

12 

68 

76 

44 

89 

92 

0 

2 

14 

0 

11 

36 

1 

28 

42 

34 

77 

83 

66 

95 

98 

0 

0 

0 

0 

0 

5 

0 

7 

21 

2 

38 

46 

41 

83 

89 

14 

70 

81 

43 

79 

85 

63 

86 

86 

95 

99 

99 

96 

99 

99 

27 

75 

83 

77 

94 

94 

77 

94 

95 

88 

100 


88 

98 

99 

0 

14 

51 

45 

82 

88 

50 

56 

56 

96 

99 

' 99 ’ 

95 

99 

99 

0 

6 

13 

23 

70 

79 

71 

89 

90 

94 

99 

99 

92 

100 

.... 

12 

74 

76 

78 

89 

90 

73 

91 

91 

78 

97 

97 

96 

100 

.... 

13 

69 

78 

50 

96 

98 

73 

97 

97 

66 

100 


84 

97 

98 

8 

50 

60 

67 

91 

93 

53 

91 

93 

78 

91 

■ 92 ' 

77 

97 

97 

16 

37 

50 

64 

86 

87 

64 

92 

95 

81 

92 

93 

94 

99 

99 


1 The first test was made July 13, second test July 20, 
10, and sixth test Aug. 17. 


third test July 28, fourth test Aug 3, fifth test Aug, 


75124— .36- 



828 


Journal of Agricultural Research 


Vol. 52, no 11 


Table 10.^ — Ger? 7 iination percentages of late oat varieties harvested at different dates 
and stored at different temperatures, 1981 — Continued 

[100 seeds taken for each test] 

RIPE STAGE, COLLECTED JULY 22 2 


Storage temperature 
and variety 

Germination 
m first test 
after storage 
for mdicated 
number of 
days 

Germination 
m second test 
after storage 
for indicated 
number of 
days 

Germmation 
m third test 
after storage 
for mdicated 
number of 
days 

Germmation 
in fourth test 
after storage 
for mdicated 
number of 
days 

Germination 
in fifth test 
after storage 
for indicated 
number of 
days 

Germination 
in sixth test 
after storage 
for indicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

6 

7 

0“ C.: 



















Anthony 686 




0 

6 

13 

0 

5 

29 

9 

69 

67 

4 

56 

74 

30 

86 

91 

Russian Green 



















713 




6 

38 

48 

0 

22 

67 

6 

71 

80 

9 

68 

87 

31 

84 

8S 

Victory 514 




1 

4 

11 

0 

8 

41 

3 

63 

75 

5 

66 

79 

11 

S3 

88 

North Dakota 



















20014 




0 

0 

3 

0 

2 

7 

0 

6 

19 

1 

10 

34 

5 

58 

72 

10° C. 



















Anthony 686 




0 

25 

32 

0 

36 

60 

12 

73 

77 

19 

80 

85 

29 

93 

96 

Russian Green 



















713 




3 

51 

61 

4 

69 

92 

8 

84 

90 

37 

94 

97 

SO 

99 

99 

Victory 514 




0 

7 

15 

0 

9 

34 

6 

77 

84 

8 

81 

88 

28 

97 

99 

North Dakota 

















20O14-__ 




0 

1 

3 

0 

8 

17 

0 

47 

60 

9 

64 

74 

41 

84 

86 

20° C.: 

















Anthony 686 

0 

9 

19 

2 

37 

43 

11 

81 

89 

82 

95 

95 

82 

99 

99 

84 

94 

95 

Russian Green 



















713 

1 

30 

57 

5 

71 

75 

12 

79 

87 

77 

95 

96 

77 

97 

99 

98 

100 


Victory 514 

0 

3 

11 

97 

99 

99 

0 

38 

62 

36 

96 

97 

79 

100 



92 

98 

98 

North Dakota 



















20014 

0 

0 

0 

59 , 

74 

81 

0 

17 

58 

43 

96 

96 

74 

93 

94 

92 

94 

96 

30° C • 



















Anthony 686 




82 

87 

88 

82 

97 

98 

85 

88 

89 

99 

lOO 


98 

100 


Russian Green 

















713 




75 

95 

97 

80 

100 


97 

100 


97 

100 


98 

100 


Victory 514 ‘ 




70 

I 95 

96 

92 

98 

'98' 

85 

95 

*95' 

85 

100 


92 

99 

”99 

North Dakota 










20014 




39 

i 80 

85 

62 

96 

97 

98 

99 

99 

90 

98 

99 

93 

100 


35° C : 

Anthony 686 




92 

95 

95 

62 

92 

94 

90 

97 

97 

96 

98 

98 

88 

98 

98 

Russian Green 















713 




74 

94 

97 

85 

99 

99 

95 

100 


100 



98 

100 


Victory 614 




81 

91 

91 

92 

97 

97 

97 

100 


99 

ioo' 


93 

100 


North Dakota 














20014 

— 

— 

— 

24 

85 

95 

93 

99 

100 

98 

100 

.... 

99 

100 

— - 

99 

100 

.... 


2 The first t^t was made July 22, second test July 30, third test Aug 5. fourth test Aug. 12, fifth test Aug. 
19, and sixth test Aug. 26. 
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[100 seeds taken for each test] 
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Table 12. — Percentages of germination of winter and spring wheat varieties harvested at different stages of maturity and stored at different 

temperatureSj 1930 

[50 seeds taken for each test] 
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Germination lit niie stape after storage 
for indicated number of days 
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Table 13 . — Germination 'percentages of winter wheat varieties harvested at different 
dates and stored at different tempei'atures, 1931 

[100 seeds taken for each test] 

HARD-DOUGH STAGE, COLLECTED JULY 6i 


Storage temperature 
and variety 

Germination 
in first test 
after storage 
for indicated 
number of 
days 

Germination 
in second test 
after storage 
for indicated 
number of 
days 

Germination 
in third test 
after storage 
for indicated 
number of 
days 

Germination 
in foiuth test 
after storage 
for indicated 
number of 
days 

Germination 
in fifth test 
after storage 
for indicated 
number of 
days 

Germination 
in sixth test 
after storage 
for indicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° C 



















Minturki 1507-.- 

6 

2C 

28 

0 

0 

1 

0 

7 

11 

12 

32 

37 

36 

64 

83 

75 

79 

85 

Mmhardi 1505- - 

1 

9 

14 

0 

0 

2 

0 

0 

0 

0 

0 

2 

1 

7 

21 

10 

21 

32 

Minard 2199 

10 

34 

44 

3 

6 

8 

3 

9 

13 

2 

9 

11 

1 

6 

14 

28 

41 

53 

Minhardi X 



















Minturki 2312. 

2 

11 

14 

0 

0 

3 

1 

7 

9 

1 

6 

11 

7 

17 

31 

26 

48 

61 

10° C . 



















Minturki 1507— _ 

4 

15 

20 

0 

0 

3i 

0 

0 

4 

9 

17 

29 

22 

40 

58 

85 

93 

94 

Minhardi 1505— 

0 

4 

10 

0 

0 

0 

0 

0 

2! 

3 

4 

12 

1 

3 

7 

13 

35 

41 

Minard 2199 

9 

29 

49 

1 

2 

3 

1 

9 

15 

2 

7 

14 

2 

22 

24 

21 

34 

35 

Minhardi X 



















Minturki 2312. 

0 

5 

13 

0 

0 

0 

0 

1 

5 

1 

6 

20 

0 

8 

13 

37 

61 

67 

20° 0.: 



















Minturki 1507—. 

3 

16 

20 

1 

3 

5 

8 

22 

33 

43 

59 

72 

76 

88 

90 

94 

100 



Minhardi 1505-.. 

3 

11 

14 

0 

0 

2 

0 

2 

2 

1 

4 

10 

2 

6 

20 

33 

61 

67 

Minard 2199 

13 

35 

48 

0 

C 

1 

0 

6 

8 

15 

52 

62 

24 

63 

78 

89 

98 

98 

Minhardi X 



















Minturki 2312. 

2 

9 

11 

0 

0 

0 

3 

4 

8 

6 

21 

31 

30 

69 

87 

89 

92 

96 

30° C . 

Minturki 1507... 

4 

17 

26 

68 

80 

91 

82 

95 

97 

97 

99 

99 

99 

100 


100 



Minhardi 1505... 

4 

13 

21 

0 

5 

12 

8 

45 

59 

86 

96 

99 

95 

100 

TI- 

98 

100 


Minard 2199 

6 

20 

31 

65 

73 

82 

73 

91 

94 

98 

100 


100 



ICO 



Minhardi X 
















Minturki 2312. 

3 

12 

13 

35 

49 

64 

73 

87 

91 

97 

100 


ICO 



100 



35° C.- 

















Minturki 1507.. 

7 

19 

23 

45 

57 

70 

1 84 

97 

98 

97 

100 


99 

100 


100 



Minhardi 1505... 

0 

4 

5 

0 

5 

9 

1 5 

53 

68 

92 

99 

”99 

98 

100 


97 

97 

“97 

Minard 2199 

8 

27 

40 

23 

30 

39 

' 56 

83 

86 

85 

97 

98 

98 

99 

i5o 

' 100 



Minhardi X 

















Minturki 2312. 

3 

12 

14 

44 

54 

66 

i 71 

89 

92 

96 

98 

99 

99 

99 

99 

100 


.... 
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Minturki 1507.. 




26 

37 

67 

60 

82 

86 

94 

98 

99 

96 

100 


100 



Mmhardi 1505-.. 




0 

0 

2 

2 

3 

8 

6 

24 

34 

2 

14 

39 

33 

69 

60 





52 

58 

74 

44 

57 

63 

76 

87 

91 

70 

93 

96 

89 

93 

96 

M inhardi X 



















Minturki 2312. 




7 

11 

22 

11 

20 

24 

30 

65 

62 

34 

84 

91 

80 

91 

93 

C.. 

Mmturki 1507 




33 

46 

78 

78 

83 

87 

95 

100 


95 

99 

99 

99 

100 






0 

1 

13 

0 

0 

2 

6 

14 

22 

1 

16 

33 

47 

56 

58 





22 

30 

52 

27 

48 

68 

83 

88 

93 

86 

96 

99 

89 

95 

96 

M inhar di X 



















Minturki 2312. 




1 

6 

16 

11 

19 

23 

70 

77 

84 

71 

89 

90 

88 

92 

93 

C : 

Minturki 1507--. 

10 

41 

46 

78 

t 

94 

97 

100 



99 

99 

99 

99 

100 


100 



Mmhardi 1605... 

0 

3 

15 

4 

13 

25 

4 

12 

13 

33 

69 

74 

55 

91 


90 

93 

95 

Minard 2199_.. 

10 

40 

45 

52 

69 

73 

78 

86 

91 

97 

99 

100 

100 



98 

99 

99 

Minhardi X 



















Minturki 2312. 

0 

0 

0 

20 

33 

53 

26 

43 

54 

80 

89 

92 

87 

99 

99 

97 

97 

97 

. 

Mmturki 1507 




96 

98 

99 

100 



100 



100 



100 



Minhardi 1505 




3 

11 

26 

62 

~7S 

"82 

100 



100 



100 



Minard 2199 




87 

90 

95 

100 



100 



100 



100 



Minhardi X 



















Mmturki 2312 




69 

69 

95 

98 

99 

(?) 

100 



100 



100 



C : 

Mmturki 1607.. _ 




96 

98 

99 

100 


100 



100 



100 



Minhardi 1605--. 




3 

14 

40 

83 

’§9 

'"92 

100 



100 



100 



Minard 2199 




91 

91 

96 

100 



100 



100 



100 



Minhardi X 


















Minturki 2312. 




66 

72 

91 

100 



100 



100 



100 





1 1 

















1 The first test was made July 8, second test July 15, third test July 22, fourth test July 29, fifth test Aug. 
6, and sixth test Aug 12 

2 The first test was made July 16, second test July 23, third test July 30, fourth test Aug 6, fifth test Aug. 
13, and sixth test Aug. 20. 
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Table 14 . — Germination 'percentages of spring wheat variehes harvested at different 
dates and stored at different temperatures, 1981 

[100 seeds taken for each test] 

HARD-DOUGH STAGE, COLLECTED JULY 13 i 


Storage temperature 
and variety 

Germination 
in first test 
after storage 
for indicated 
number of 
days 

Germination 
in second test 
after storage 
for indicated 
number of 
days 

Germination 
m third test 
after storage 
for indicated 
number of 
days 

Germination 
in fourth test 
after storage 
for indicated 
number of 
days 

Germination 
in fifth test 
after storage 
for indicated 
number of 
days 

Germination 
in sixth test 
after storage 
for indicated 
number of 
days 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

3 

5 

7 

0° C.: 























0 

0 

0 

0 

0 

0 

0 

2 

3 

0 

0 

3 

0 

3 

11 





0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

3 

4 

5 





19 

33 

36 

0 

22 

44 

0 

10 

42 

1 

18 

45 

0 

1 

44 

Double Cross 2304. 




1 

4 

6 

0 

2 

6 

0 

0 

2 

1 

1 

2 

1 

1 

4 

10 ° c.- 



















ATarqms 12,30 




0 

0 

1 

0 

1 

3 

0 

0 

1 

1 

3 

8 

4 

5 

12 

Reward 2204 




0 

1 

2 

1 

1 

3 

0 

1 

2 

1 

4 

6 

0 

2 

7 

Kubanka 2310 




0 

15 

15 

0 

9 

35 

0 

6 

52 

0 

7 

44 

0 

5 

34 

Double Cross 2304. 




0 

6 

7 

0 

3 

7 \ 

0 

1 

4 

0 

0 

2 

0 

0 

13 

20° C.- 



















Marquis 1239 

o! 

2 

8 

0 

0 

2| 

0 

0 

2 

0 

0 

2 

4 

16 

35 

28 

42 

68 

Reward 2204 

0 

0 

0 

3l 

3 

3 

0 

0 

1 

0 

1 

3 

11 

41 

62 

53 

73 

89 

Kubanka 2310 

0 

15 

42 

0 

2 

5 

0 

2 

20 

0 

2 

30 

1 

2 

24 

10 

11 

30 

Double Cross 2304.' 

0 

4 

16 

1 

1 

1 

0 

0 

0 

0 

0 

0 

2 

2 

2 

0 

1 

2 

30° C,* 



















MflrqTTii? 1230 . ! 




0 

0 

2 

0 

4 

10 

8 

32 

57 

51 

90 

92 

74 

91 

95 

Reward 2204 i 




4 

8 

11 

21 

61 

58 

67 

90 

98 

95 

97 

97 

96 

98 

100 

Kubanka 2310 




( 0 

9 

35 

1 

53 

83 

0 

78 

96 

16 

100 


90 

99 

99 

Double Cross 2304 




j 0 

0 

1 

0 

9 

19 

4 

13 

36 

11 

91 

’95 

92 

100 


35° G.; 


















MArqTn's1239 . 




0 

2 

3 

2 

13 

26 

32 

55 

69 

46 

84 

94 

74 

83 

96 

R A ward 2204 _ 




1 

2 

5 

35 

72 

78 

79 

88 

89 

95 

97 

98 

95 

96 

98 

Kubanka 2310 




0 

23 

65 

0 

58 

92 

2 

91 

100 

15 

100 


67 

100 


Double Cross 2304. 

.... 

.... 

L... 

0 

0 

1 

1 

8 

17 

1 

19 

62 

38 

100 


100 


— - 
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0°C.: 












0 

0 

0 

0 

Reward 22G4 




2 

2 

8 

0 

Kubanka 2310 




0 

14 

36 

0 

Double Cross 23C4- 




0 

0 

2 

0 

10 °C.: 








Marquis 1230 




0 

0 

1 

0 

Reward 2204 




1 

4 

12 

1 

KuhATikft 231 0 , 




0 

6 

17 

0 

Double Cross 2304. 




0 

0 

0 

0 

20 °C.: 








Marquis 1239 

0 

0 

0 

0 

2 

5 

0 

Rew^d 2204 

0 

3 

4 

4 

25 

27 

20 

Kubanka 2310 

0 

6 

20 

0 

18 

40 

0 

Double Cr<«s 2304. 

O: 

0 

0 

0 

0 

0 

0 

30 °0 : 








Marquis 1230__ 




10 

i 22 

23 

8 

Reward 2^_ 




31 

59 

63 

66 

Kubanka ^10 

p" 



0 

39 

56 

4 

IJonble Cross 2304. 




' 0 

2 

2 

4 

35 “0.: 






1 


Marquis 1239. 




4 

15 

20 

19 

Reward 2204 




24 

47 

53 

69 

Kubanibi 231C 

i 



0 

44 

73 

0 

Doable Cross 2304. 



:::: 

' 0 

3 

3 

1 


3 

7 

0 

6 

12 

5 

12 

17 

3 

13 

26 

4 

16 

15 

36 

43 

24 

44 

63 

42 

57 

68 

9 

76 

0 

11 

66 

1 

18 

61 

0 

12 

81 

0 

2 

0 

0 

1 

0 

0 

0 

0 

0 

4 

0 

3 

2 

9 

10 

4 

12 

17 

12 

23 

38 

14 

24 

23 

39 

44 

26 

43 

50 

53 

61 

79 

3 

60 

0 

4 

27 

0 

8 

42 

0 

5 

84 

0 

0 

0 

1 

2 

0 

2 

3 

0 

1 

13 

2 

8 

10 

22 

23 

35 

50 

54 

55 

64 

81 

41 

64 

62 

77 

84 

78 

84 

86 

82 

87 

92 

1 

34 

0 

12 

61 

0 

12 

43 

4 

16 

74 

0 

3 

0 

1 

1 

1 

3 

4 

1 

9 

40 

22 

42 

55 

95 

96 

86 

100 


100 



83 

98 

88 

98 

98 

97 

99 

"’99 

100 



68 

97 

23 

99 

100 

79 

97 

98 

89 

98 


6 

9 

14 

85 

92 

93 

98 

98 

100 



43 

63 

47 

94 

96 

89 

100 


99 

99 

99 

82 

90 

82 

99 

99 

94 

100 


100 



68 

98 

78 

99 

99 

90 

99 

'ioo 

97 

0 

0 


6 

30 

59 

96 

96 

99 

100 


100 


.... 


I The first test w&s made July 13, second test July 20, third test July 28, fourth test Aug. 3. fifth test Aug 
10, and sixth test Aug. 17. » o » & 

* The first test was made July 22, seramd test July 30, third test Aug. 5, fourth test Aug, 12, filth test 
Aug. 19, and sixth test Aug. 26. 



THE ESTIMATION OF THE HEAT PRODUCTION OF 
CATTLE PROM THE INSENSIBLE LOSS IN BODY 
WEIGHT 1 

By H. H. Mitchell, chief in animal nuirition^ and T. S. Hamilton, associate in 
animal nutrition, Department of Animal Husbandry, Illinois Agricultural Experi- 
ment Station.^ 

INTRODUCTION 

The mere instrumental errors incurred in measuring the heat 
elimination or the respiratory exchange of farm animals, amounting 
to 1 or 2 percent or less, are not factors of great moment among the 
many involved in the errors attached to the final significant calcu- 
lations. The interpretive errors incurred in estimating heat pro- 
duction from heat elimination or respiratory exchange are possibly 
greater, although their precise magnitude is impossible to assess in 
the absence of a direct method of measuring heat production. How- 
ever, what might be called^^he biological errors in animal calorimetry 
are by far the most serious, both because of their magnitude and be- 
cause of the difficulty involved in their removal. These errors are 
incurred when successive comparative observations are made upon 
the same animal, but are probably revealed in their greatest magni- 
tude only when similar observations are made upon a number of 
animals. 

If a steer is put into a respiration chamber for 2 or 3 consecutive 
days under the same conditions of feeding and management, the 
daily estimates of heat production will of course not be identical, 
even when corrections for variable muscular activity, insofar as this 
is measurable, are applied. The average differences between the 
results for successive days wiU be 2 or 3 percent, while in individual 
cases deviations as high as 5 percent are not uncommon. Through- 
out the pubhcations of the Institute of Animal Nutrition of Pennsyl- 
vania State College individual differences between animals with ref- 
erence to activity, digestive ability, basal metabolism, and heat in- 
crement following feeding are repeatedly cited and discussed. Prom 
four recent publications (5, P, 10 , 11 )^ the writers have computed 
an average percentage difference of 7.1 between pairs of determina- 
tions on different steers of the net energy value of rations for mainte- 
nance, with individual differences as high as 13.9 percent. The ear- 
her work of Armsby (f ) shows even wdder individual differences (up 
to 24 percent) and other laboratories have reported the same expe- 
rience. Thus Kleiber ( 16 ) has calculated a coefficient of variation 
of 11 percent exhibited by a series of 11 determinations of the net 
energy value of starch reported by KeUner and Kiihn. This coeffi- 
cient means that the occurrence of deviations of as much as 22 per- 
cent between individual and average net energy values is not highly 
improbable. 

1 Keceived for publication Nov. 14, 1935, issued July 1936. 

2 The writers take great pleasure in acknowledging the assistance of members of the Animal Nutrition 
Division m carrying out the exacting experiments reported herein Particular credit is due W. T. Haines, 
who assumed much of the responsibility of the care for the animals, the proper condition of the respiration 
apparatus, and the analyses of the chamber air 

8 Reference is made by number (italic) to Literature Cited, p 853. 
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Thus it appears that the significant technical problems of animal 
calorimetry relate, not to the diminution of instrumental errors, but 
more particularly to the diminution of the inherent biological errors 
or to the reduction of their effect upon the final calculations. The 
latter plan is the more practicable and the one more likely to justify 
itself. The effect of the biological errors upon the final average re- 
sults of calorimetric work (net energy values, maintenance, and pro- 
duction requirements) may be diminished by increasing the number 
of animals upon which measurements are made. But, for purely 
practical reasons, any considerable increase in the number of experi- 
mental subjects must be accompamed. by a decrease in the time, labor, 
and expense involved in securing individual measurements. 

\Yhat appears to be a promising method of estimating the heat 
production of animals in a simple manner rests upon the determina- 
tion of the so-called ''insensible perspiration'^ or, better, "insensible 
loss in body weight.” This loss in weight is the result of the gaseous 
exchange between an animal and its environment, and is equal to 
the difference in weight between the gases emitted from the body 
(carbon dioxide, water vapor, and methane) and the oxygen taken 
in. Over short periods the insensible loss in weight may be meas- 
ured by placing the animal upon a sensitive balance and noting the 
loss in weight, but this simple method is inapphcable over long pe- 
riods, since normally sensible accretions (food and water) and excre- 
tions (feces and urine) to and from the body will occur. The insen- 
sible loss in weight over periods of days or weeks may be obtained by 
weighing the animal at the beginning and at the end of the desired 
period, together with all food and water consumed and urine and 
feces excreted. The insensible loss in weight is then computed from 
the following equation; 

{B, +N+ W)- {B,+ U+F) 

in which I is the insensible loss in body weight, Bi and B^ the initia 
and final body weights, respectively, N the food intake, W the intake 
of wato, U the output of urine, and F the fecal excretion. If the 
insensible loss in body weight may be used successfully in the predic- 
tion of heat production, it is evident that a simple gravimetric 
method has replaced the elaborate and laborious technique of direct 
and indirect calorimetry. 

The relation between the insensible loss in weight and the heat 
elimination of an animal relates entirely to one factor in this loss, 
namely, the water vapor. ^ The significance of this factor in the predic- 
tion of the total heat elimination resides in the observation, repeatedly 
recorded in the literature, that the percentage of heat eliminated 
from, an animal in the vaporization of water from the skin and the 
respiratory tract is remarkably constant, biologically speaking, under 
more or less restricted conditions. A historical discussion of this liter- 
ature has been prepared by Benedict and Root (4), while discussions 
of the nature of the insensible loss in weight and of the conditions 
affecting it have been offered by Benedict and Wardlaw (5), Benedict 
(^), and Kuno {19). 

The relation between the water vaporized from the body and the 
insensible weight loss is a function of the respiratory quotient and of 
the percentage of the heat ehmination represented in the vaporized 
water, disregarding for the moment the excretion of methane in 
ruminants. 
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It may be shown ^ that the ratio of vaporized water to insensible 
loss is represented by the following expression; 


re 

I C€ + l.t466r~-0,8288 


^ The derivation of formulas concerned with the relations existing between the insensible loss in body 
weight, the water vaporized, and the heat production follows 
1 The ratio of water vaporized to the insensible loss in body weight 
Let a =1 iters of CO 2 produced 
6= liters of O 2 consumed 

c= fraction of total heat lost as vaporized water 
latent heat of vaporization per gram of water 
e=heat equivalent of a liter of oxygen consumed 

=4 686+1 23 (^-0 707 ^ 

h=heat produced ■*£><? 

14’= weight of water vaporized 
i=iusensible loss in body weisrht 
Then, total heat of vaporization =6ce 

total water vaporized 

insensible loss =i=~^+l 9769a— 1 42906 (1) 

bee 

d ( 2 ) 

* ^ 1 ^+ 1 . 97690-1 42906 


ce 


Ifrf = 0 5h0 


ce+l 9769 4290d 


Then - 


2 The fraction (c) of total heat lost as vaporized water 
From equation (4) 

ice=wce-hl 1460 0 8288in 


(3' 


^ 4 ) 


f5) 


3 The water vaporized 
Combining (6) and (8) 


wce—ice=0.8288ie’—l 1466 -•«) 


0 580?c 


0.f)80)C2« , , 0.580?^?/’ 

^ 1-1.1466^-10— 0 8288 ^ — 


( 6 ) 

(7) 

( 8 ) 

(9) 


Dividing by ir and multiplying by h 

0.580W6+1. 1460 ^-6-0 82886 =0.5802e (10) 

Dividing by 0 580 and transposing 

we=l 42906-1 9769 ^.6+i<- (11) 


4 The heat produced 
From (8) 

Combining (12) and (13) 
Simplifying 


1 42906-1 9769|*A+2V 
7/7^ e 

ch 

*^“0 680 


1.42906-1.9769 -y.+ifi 


1.7241ce+l 9769 --14290 


( 12 ) 


(13) 

(14) 

(15) 


Note —The absolute density of CO 3 is equivalent to 1.9769 g. per liter according to the International 
Critical Tables (50, v 5). If, as Kleiber (15, p. 11) believes, the theoretical value of 1.9662 is preferable to 
use m this .connection, 'because of the small concentration in which GO 2 occurs in chamber air, the formulas 
developed above may be readily changed accordingly. 
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in which c is the fraction of the total heat that is lost as vaporized 
water, e is the calorie equivalent of a liter of oxygen consumed (and 
is a function of r for respiratory quotients between 0.7 and 1), and r 
is the respiratory quotient. For purposes of illustration, the value of 


expressed as a percentage, is given 
c and r. 


in table 1 for various values 


of 


Table 1. — The 'percentage of the insensible weight loss represented by vaporized 
water for various values of c and r 


1 

1 

Percentage of heat lost as 
vaporized water (cXlOO) 

Percentage loss at respiratory quotient (r) of — 

0 707 

0 75 

0 SO 

0 85 

0 90 

0. 95 

1 00 

2) 

102.0 

96.8 

91.6 

87 0 

82.9 

79.3 

76. 1 

25... 

101 6 

97 4 

93. 1 

89 3 

85. 8 

82 7 

79 9 

30 

10L3 

97 9 

94 2 

90 9 

87.9 

85. 2 

82.7 

35 

101. 1 

98.2 

96.0 

92. 1 

89.6 

87.0 

84.8 

40 

101.0 

98 4 

95 6 

93.0 

90.7 

88 4 

86 4 

45 - 

100 9 

98 6 

96.1 

93 8 

91 6 

89.6 

87 7 

50 

100 8 

98.7 

96 4 

94 3 

92 4 

90 6 

88.8 


For a respiratory quotient of 0.723, the weight of CO 2 emitted and 
of O 2 consumed are equal, so that at this respiratory quotient the 
insensible loss measures exactly the vaporized water. At lesser 
respiratory quotients the insensible loss is less than the weight of 
vaporized water, while at greater respiratory quotients it is greater, 
until for a respiratory quotient of 1, the vaporized water accounts for 
only 76 to 89 percent of the insensible loss as the percentage of heat 
lost in vaporization varies from 20 to 50. It is evident also that as 
the latter percentage increases, the weight of vaporized water tends 
to approach the insensible loss in weight at any respiratory quotient. 

Although Benedict and Root (Ji) proposed a method of estimating 
the basal heat production of adult humans from the insensible loss 
in body weight, and Levine and others [22, 23, 24, 25) proposed a 
similar method for infants, Newburgh and his associates {14, 32, S3) 
have perfected the method and extended it to the determination of 
the total heat production for the day and for even longer periods, 
and have studied the effect of many conditions, in both nude and 
clothed subjects,^ on the relationship of insensible water and heat 
eliminated. Their success in particular inspired the investigations 
reTOrted in this paper. 

Previous studies of the relationship between the insensible loss in 
body weight and the heat production of cattle have not indicated a 
correlation sufBciently close to insure an acceptable prediction of the 
latter from the former. However, both Benedict and Ritzman {3, 
p. 75) and Eaiss (17, 18) expressed the opinion that a variable environ- 
mental temperature may have been a disturbing factor, while Kriss 
father not^ the distiirbing effect of a variable hair coat, an observa- 
tion confirming previous work from the same laboratory (7) as well as 
the results of Lef^vre and Au^et (21) on sheep. In the nude human 
subject Whey and Newburgh (83) noted a steadily increasing per- 
centage of heat lost in vaporization as the environmental temperature 
increased up to 30° to 31° C., at which point visible perspiration 
appeared and imtiated a marked acceleration in the rate of increase. 
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In the clothed subject, however, the percentage was not appreciably- 
disturbed within the range of 18° to 30° C. Kayser {16) observed in 
pigeons and rabbits a curvilinear relationship between environmental 
temperature and the ratio of vaporized water to oxygen consumed, 
while Lef^vre and Auguet {21) showed that in sheep also, whether 
sheared or unsheared, the percentage of heat lost as latent heat of 
vaporization increased with the surrounding temperature. 

While increasing en-vironmental humidity continuously depresses 
the evaporation of water from the skin' of the nude human subject 
{SS)j in the clothed human subject a variation in humidity from 20 
to 60 percent has no such effect. Also, in ewes carrying a heavy 
fleece, the evaporation of water is not depressed by increasing the 
humi^ty of the surrounding air until values of 80 to 90 percent are 
attained, according to Lefevre and Auguet {20). On the other hand, 
extreme dehydration of the body may depress the evaporation of 
water from the surface {12^ 26, 28, 31). The effect of the intensity of 
heat production on the loss of heat in the vaporization of water does 
not seem to be considerable, if appreciable at all {IS, 33). This phase 
of the subject, however, evidently requires further study. 

Undoubtedly these and other disturbing factors are responsible for 
the occasional erratic values obtained for the ratio of basal insensible 
perspiration to basal metabolism in humans observed by Magendantz 
{27), as well as for the many other instances of the same nature cited 
by him from other laboratories. 

PLAN OF THE EXPERIMENT 

The accuracy of any prediction of the heat production of an animal 
from its insensible loss in body weight rests upon the constancy of the 
proportion of the total heat emitted as vaporized water. It seems 
evident from previous work that this proportion varies with environ- 
mental conditions, particularly with environmental temperature, and 
that animals other than the clothed human subject are particularly 
subject to these environmental changes. 

The steers serving as subjects of these experiments were, therefore, 
confined in an air-conditioned and insulated room, in which tempera- 
ture could be maintained constant within 2° or 3° F. and relative 
humidity within 5 or 6 percent. The urine and feces were collected 
beneath the floor of the room in such a way as to minimize the evapora- 
tion of water. The steers were weighed daily on scales accurate to 
0.25 pound, situated immediately outside of the stall room door. The 
day's urine and feces were weighed, for each steer, at the exact time 
the body weight was taken. The time spent by each steer in the 
standing position was measured by an electric clock, the current to 
which was shut off by an arrangement of chains and pulleys as long 
as the steer remained in the recumbent position. 

Water was offered the steers daily after securing their body weights, 
and the amount consumed was determined by immediately reweighing. 
The steers were fed twice daily. In most of the experiments reported 
below, both feed and water were brought to the temperature of the 
air-conditioned room before they were consumed. 

The ration fed, which was varied in different experimental periods, 
consisted of vaiying proportions of com and chopped alfalfa hay with 
small additions of salt (28 or 56 g daily). In periods in which small 
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proportions of alfalfa were fed, small amounts of bonemeal and cod- 
liver oil were also given, while in the later periods, when it was desired 
to increase feed consumption to the limit of capacity, brown sugar was 
fed at the rate of 100 g per meal. However, this attempt to increase 
the palatabihty of the ration was not accompanied by any appreciable 
measure of success. 

The plan of the experiment was to determine the insensible loss in 
body weight of each steer in a period on constant feed, lasting 14 days 
or longer, and to measure also the heat production and gaseous 
exchange of the steer on the same level of feed, generally during a 72- 
hour confinement in the respiration chamber previously described 
(29). The latter determination was made at a time (either before or 
after) as close to the former as was feasible with the equipment 
available. During the former period (or for at least 2 weeks of it) the 
urine and feces of the steer were quantitatively collected, and samples 
of them, as well as of the feed, were analyzed for nitrogen and their 
heats of combustion were determined in the bomb calorimeter. Two 
such comparative determinations between insensible loss in body 
weight and heat production were made upon three of the four steers, 
and three determinations upon the other. 

In the preliminary experiments, involving maintenance levels of 
feeding, the methane production was not determined and no account 
of it was taken in the computations of heat production or in the inter- 
pretation of the insensible loss in weight. However, in the main 
experiments the methane content of the outgoing air was determined 
gasometrically, and the methane production was considered in all 
the computations of indirect calorimetry, as previously described (29), 
and in the interpretation of the insensible loss in body weight. 

RESULTS OP THE EXPERIMENT 

^ In preliminary experiments, extending over 2 years, an investiga- 
tion was_ made of the factors affecting the insensible loss in body 
weight, since these would be the factorn that must be controlled in 
all later work. The first factor investigated was the environmental 
temperature.^ The results are briefly summarized in table 2. The 
heat-production values in column 12 of the table are derived from an 
average for each steer of either three or four respiration tests, each of 
which extended over 48 hours. These tests were all made at 
charnber temperatures of 75° F. or above. Small corrections were 
applied to these averages for differences in body weight and times 
spent in the standing position for the several periods. ITe average 
heat productions, expressed to a standard day of 12 hours standing 
were: Steer 1, 9,744 calories for a body weight of 474 kg; steer 2 
^ weight of 480 kg; steer 3, 7,871 calories for a weight 
of 331 kg, steer 4, 7,936 calories for a weight of 346 kg. The correc- 
tions applied to th^e figures for body weight were made on the basis 
of a basal metabolic rate (the steer being in the lying position) of 
1,581 calories per square meter of body surface, the surface area 
being computed by Brody's formula (6) for beef cattle, 5^2=0.13 

corrections for position (standing and lying) were made on 
the b^is of an increment of 62 calories per 500 kg per hour for the 
standii^ position (29). Throughout these tests the steers were 
subpstmg on an approximate maintenance ration consisting of equal 
parts of com and alfalfa hay. ^ 
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The weight of water vaporized was computed from equation (12) 
of footnote 4, p. 839. The respiratory quotients were very close to 1 
in all cases, being 1.000 for steer 1, 0.988 for steer 2, and 0.995 for 
steers 3 and 4. 


Table 2. — The effect of room temperature on the insensible loss in weight and the 
vaporization of water from the body 


Steer no 

Room temperature 

Humidity 

Average body weiglit 

Reed eaten daily 

Water drunk daily 

Daily unne 

Daily feces 

Daily insensible loss 
in weight 

Water 

vaporized 

Heat produced dally 

Heat of 
vaporization 

Per day 

As ratio of in- 
sensible loss 

Total 

As ratio of 
total heat 




Per- 

Kilo- j 

KiLo- 

Kilo- 

Kilo- 

Kilo- 

Kilo- 

Kilo- 

Per- 

Cato- 

Calo- 

Per- 



o 2? 

cent 

grams 

grams 

grams 

grams 

grams 

grams 

grams 1 

cent 

Ties 

Ties 

cent 



■ 69 

51 

469 

4 1 

16.07 

8 10 

3 75 

8 20 

7.119 ' 

86 8 

9,954 

4, 129 

41 5 



58 

64 

481 

4 

12. 16 

7 17 

3. 51 

4. 97 

3. 900 

78 5 

9,862 

2,262 

22.9 

1 


52 

76 

473 

4 

11. 43 

6.70 

3.64 

4. 45 

3. 384 

76.0 

9,815 

1, 963 

20 0 



43 

88 

474 

4 

14 82 

8 67 

4.13 

4. 61 

3 575 

77 5 

9, 538 

2,073 

21.7 



' 69 

51 

480 

4 

10.30 

2 35 

3 54 

7 57 

6 559 

86 6 

9, 701 

3, 804 

39.2 



58 

64 

488 

4 

5 31 

2 26 

3.22 

4 54 

3. 522 

77.6 

9,776 

2,043 

20.9 

2 - 


52 

76 

479 

4 

5 37 

2 27 

3. 26 

3 93 

2 918 

74 2 

9,713 

1, 692 

17.4 



. 43 

88 

474 

4 

7.92 

3 61 

3 69 

3 49 

2. 480 

71 1 

9, 696 

1, 438 

14.8 



r 69 

51 

332 

3 

9 97 

3 78 

2.55 

6 03 

5 191 

86 1 

7,855 

3,011 

38.3 



1 68 

64 

340 

3 

8.42 

5 46 

2 39 

4. 00 

3. 154 

78.9 

7, 928 

1, 829 

23.1 

3 


1 52 

76 j 

330 

3 

7.35 

3 51 

2 55 

3. 61 

2 770 

76.7 

7,865 

1, 607 

20 4 



1 43 

88 

322 

3 

10.39 

6 64 

2 88 

3.00 

2. 167 

72 2 

7,802 

1, 257 

16.1 



[ 69 

51 1 

342 

3 

9. 04 

1 96 

3. 12 

6.59 

5 760 

87.4 

7,778 

3, 341 

42 9 



1 58 

64 

355 

3 

8 15 

3 81 

2.50 

4. 14 

3 298 

79 7 

7,885 

1,913 

24.3 




52 

76 1 

348 

3 

5 82 

2 36 

2.72 

3.69 

2.838 

76 9 

7,838 

1, 646 

21.0 



' 43 

88 

340 

3 

6 95 

2.68 

3.21 

3.38 

2 553 

75 5 

7, 747 

1,481 

19.1 


It will be noted that the insensible losses in body weight (table 2, 
column 9), the vaporized water, both the absolute values and the 
percentages on the insensible losses in weight, and the percentages of 
heat lost in the vaporization of water, decreased with one exception 
(steer 1, from periods 3 to 4) as the room temperature decreased. 
The averages of the latter percentages for all four steers were, in the 
order of decreasing temperatures, 40.5, 22.8, 19.7, and 17.9. It is 
quite possible that at the lowest temperature, 43 F., the steers were 
below their critical temperatures, in which case the calculated per- 
centages would be too low, since the heat productions would be 
h^her than those assumed on the basis of determinations made at 
higher temperatures in the respiration chamber. 

In the experiments just reviewed, no particular attention was paid 
to the control of the humidity of the room air, the humidities actually 
obtained rising with decreasing temperatures because of the increas- 
ing difficulty of dehumidifying the air. With the temperature 
maintained at 68® to 70® F., tests were made of the effect upon the 
insensible loss in body weight of varying the humidity of the air. 
The same steers were used and they were maintained upon the same 
rations. The comparisons given in table 3 relate to short periods 
immediately preceding and immediately following a marked change 
in relative humidity. 

Unfortunately the results of this test are indecisive. A compari- 
son of periods 1 and 2, differing the most in relative humidity, would 
support the conclusion that a drop from 80 to 47 percent exerted no 
75124—36 3 
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effect on the vaporization of water from the bodies of the steers, three 
ot the steers, in fact, showing a decrease in insensible loss rather than 
the expected increase if any effect at all were produced. On the 
other hand, in periods 3 and 4, an increase in relative humidity from 
59 to 78 percent was associated in all steers with a more or less con- 
siderable drop in the insensible loss in body weight, and presumably 
in the vaporization of water. It is perhaps fan* to conclude that if 
the vaporization of water from the bodies of these steers is inversely 
correlated with relative humidity between the limits of 47 and 80 
percent, the effect is so slight that it may be obscured (or greatly 
accentuated) by uncontrolled factors. 


Table 3 — The effect of relative humidity on the insensible loss in body weight of 
steers at chamber temperatures of 68^ to 70° F. 


steer no. 

Period 

Rela- 

tive 

humid- 

ity 

Insen- 
sible 
loss in 
weight 

steer no. 

Period 

Rela- 

tive 

humid- 

ity 

Insen- 
sible 
loss m 
weight 

1 

No 

! 

i 

Days 

13 

8 

6 

8 

5 

9 

7 

10 

Percent 

80 

47 

69 

78 

80 

47 

69 

78 

KUo- 

grams 

6 40 

6 05 

5. 59 

5. 39 

6 04 

5 73 

4 81 
4.47 

3 


No. 

Days 

10 

4 

9 

10 

6 

10 

7 

8 

Percent 

80 

47 

59 

78 

80 

47 

69 

78 

Kilo- 
gra ms 

3.74 

3 25 
2. 97 
2. 80 

4 62 
4 51 

3.75 
3 14 

0 

4 




As these preliminary tests progressed it was evident that another 
factor (or other factors) than the temperature and humidity of the 
surrounding air was modifying the vaporizaticin of water from the 
steers and hence the insensible loss in body weight. This uncontrolled 
factor (or factors) was evident only over a considerable period, exert- 
ing a progressive effect, but not disturbing the day-to-day variation. 
The data of table 3 reveal the type of effect under discussion: In 
periods 3 and 4, the insensible losses of all steers were lower than in 
periods 1 and 2, although the ration was the same and the body 
weights were nearly so. 

The observations of the Institute of Animal Nutrition at Penn- 
sylvania State College (7, 17, 18) on the effect of shearing on the in- 
sensible loss in body weight of steers, as well as those of Lef^vre 
and Auguet (21) on the effect of shearing sheep on the vaporization 
of water, suggested a solution of this problem. Accordingly, the 
effect of shearing on four young steer calves was studied, with the 
results summarized in table 4. The experimental periods immediately 
preceded or followed shearing and were 14 days in length except the 
final period (afer shearing), which was only 8 days in length. In 
comparable periods, all conditions were kept the same except the 
hair coat of the steers. 
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Table 4. — The effect of shearing on the daily insensible loss in body weight of steers 
and on certain features of their behavior^ when fed 2 different rations 

DAILY RATION. 2 4 KG OF CORN PLUS 3.4 KG OF CUT ALFALFA HAY 


steer 

no 

Condition 

Average 

body 

weight 

Daily 
gam m 
weight 

Water 

consumed 

daily 

Time 
spent 
standing 
per day 

Pulse 

rate 

Daily 
insen- 
sible loss 
in body 
weight 

1 

/Before shearing 

/After shearing 

Kilo- 

grams 

258 

Kilo- 
grams 
-fO 34 

Allo- 
i grams 

10 36 

Hours 

9 32 

1 

64.6 

Kilo- 

grams 

6 59 

270 

+.94 

9.30 

8 91 

60 8 

5 08 

O < 

/Before shearing 

/After sheanng . 

257 

+ 66 

10 30 

10.09 

67 3 

5 50 

Z 1 

268 

+ 55 

9 67 

11 71 

60.1 

5. 21 

O 1 

/Before shearing-- 

/After shearing - 

/Before shearing 

243 

+.21 

10 71 

5. 26 

50.3 

5 60 

6 

254 

+1 04 

9. 81 

5.61 

52.2 

4 56 

4_ 

/After shearing 

23S 

+.73 

10. 57 

0. 94 

59.6 

5 52 


DAILY RATION. 3 6 KG OF CORN PLUS 1 2 KG OF CUT ALFALFA HAY 



/Before sheanng - 

317 

+.65 

9. 58 

11.77 

66.7 

7. 36 


/After shearing 

327 

+ 71 

7. 45 

8 10 

61 9 

5 29 


/Before shearmg — 

300 

+.26 

9. 40 

11.15 

64.4 

6 83 


/After shearmg 

304 

+ 93 

8 58 

9.75 

60 5 

6. 27 

Q ' 

/Before shearmg - - - 

297 

+.23 

S. 85 

8. 87 

56 4 

6 00 

6 

/After shearing 

305 

+.37 I 

7 90 

7.10 

54.3 

6 24 

A 

/Before shearing 

289 i 

-.10 i 

8 94 

8. 10 

63.0 

7 74 

4 1 

1 

(After shearing 

296 1 

+ 91 

7. 40 

7.46 

60.5 

5. 44 


It is evident that shearing decreased the insensible loss in body 
weight, the observed decreases ranging from 5.3 to 29.7 percent and 
averaging 19.8 percent. This decrease may have been the result of 
two factors (1) a decrease in skin temperature following removal of 
the insulating hair, (2) a decrease in restlessness of the animal due to 
a removal of scurf and dirt from the skin. The advantage of period- 
ically removing scurf and dirt from the skin of steers on a long-time 
experiment is obvious, but this factor was not an important one in this 
case, since in another test currying alone failed to exert an appreciable 
effect on the insensible loss in body weight. Hence, the decrease in 
skin temperature must have been the effective factor in shearing. 

The decrease in skin temperature occasioned a decreased loss of 
water by evaporation from the skin for each calorie of heat dissipated. 
As a result, less water was consumed daily in all cases after shearing 
than before; but this reduction in water intake was generally less than 
the reduction in water vaporized from the body. The daily volume of 
urine excreted (not shown in the table) was also generally less after 
shearing than before; hence shearing must have induced a hydration 
of the bodies of the steers, an effect that extended over many days. 
This storage of water probably accounts for the greater gain in body 
weight after shearing than before in all cases but one (the steer 
showing the least effect of shearing), and this greater gain after shear- 
ing would continue until the appetite for water adjusts itself to the 
decreased demand. 

The advantages of frequent shearing in determining insensible 
losses in body weight representative of a given steer, ration, and set 
of environmental conditions are marked, and their presence is clearly 
evident from the data of table 4 in the much greater uniformity of 
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the insensible loss values obtained after shearing as compared with 
those obtained before. Thus, in the second comparison in the table 
the standard deviation of the insensible losses before shearing was 
0.65 kg and the coefficient of variation 9.3. The same statistics after 
shearing were 0.076 kg and 1.4. 

In securing constant and representative values for the insensible 
loss in body weight of steers, a fairly constant intake of water was 
found desirable. Abstention from water for several days will cause 
a dehydration of the body, irregular and abnormally low vaporiza- 
tion of water, and unrepresentative insensible losses in body weight. 
One steer had to be removed from the preliminary experiments 
because of a very irregular water appetite. 

The principal experiments, concerned with the possibility of pre- 
dicting the heat production of steers from their contemporaneous in- 
sensible loss in body weight, were performed m the following year 
upon the same four steers used in the last preliminary test (table 4). 
The tests were carried out with the observance of all the precautions 
indicated by the preliminary studies. The room temperature was 
kept constant at 76"^ F. and the relative humiditj^ at 52 to 54 percent. 
The steers were sheared before each determination of the insensible 
loss in body weight. The control of air conditions in the respiration 
chamber was not feasible, but the temperafure was allowed to vary 
only between 74° and 81° or 82°, The humidity, xmder no control 
whatever, averaged 78 to 80 percent. It is not believed that these 
chamber conditions either depressed or accelerated appreciably the 
metabolic rate obtaining duri]^ the determination of the correspond- 
ing insensible loss in body weight. 

The rations used have already been described. Their content of 
metabolizable energy was determined in two tests upon each of the 
four steers, with the results given in table 5. The corn contained an 
average of 1.62 percent of mtrogen and 3.91 calories of gross energy 
per gram; the alfalfa hay, 2.45 percent of nitrogen and 4.04 calories 
of gross energy per gram; for the brown sugar, these values were 
0.055 percent of nitrogen and 3.65 calories per gram. It is worthy of 
note that steers 1 and 4 were distinctly better utilizers of feed energy 
than were steers 2 and 3. Steer 3 was almost continuously bloated 
throughout these experiments. 




June 1, 1936 


Estimation of Heat Production of Cattle 


847 


The insensible losses in body weight of the steers, together with 
the data upon which the computation of these losses is based, ^e 
summarized in table 6. The only featme of these results requiring 
comment here is the variability of the day-to-day insensible losses 
in these various experimental periods. The pertinent standard devia- 
tions and coefficients of variation are given in the last two columns 
of the table. The coefficients of variation range from 3.43 to 8.84, 
and average 6.20, a satisfactorily low figure. The day-to-day varia- 
tions in these experiments may be compared with the only record of 
its kind found in the literature, a 38-day record of a human subject 
reported by Johnston and Newburgh (i^)* The subject, a normal 
man 32 years old, spent practically all of his time in bed, his activity 
being rigidly restricted. The temperature of the room was kept 
close to 72° F. dming the day. Considering only the last 30 days 
during which the intake of food was constant, the average daily in- 
sensible loss was 976, the standard deviation was 69.5, and the co- 
efficient of variation was 8.71. ^ In later work, Newbmgh, Wiley, and 
Lashmet {32) report daily estimations of the insensible (vaporized) 
water for seven subjects, pursuing their usual routine duties, but 
subsisting upon a constant diet approximating closely their main- 
tenance requirements. Ruling out the values obtained on extra cold 
days and days on which unusual work was done, the coefficients of 
variation for 15 periods of 6 to 15 days each ranged from 3.21 to 13, 
and averaged 8.4. 

Table 6. — The insensible loss in body weight of the steers per day and data upon 
which computations were based 


steer no. 

Period no. 

Length of period 

Average body weight 

Average daily gain in 
weight 

Time in standing posi- 
tion 

Feed consumed 

Water drunk 

Urine 

s 

Insensible loss m body 
weight 

Variability of 
daily insen- 
sible losses 

Standard de- 
viation 

Coefficient of 
variation 




Kilo- 

Kilo- 


Kilo- 

Kilo- 

Kilo- 

Kilo- 

Kilo- 

KUo- 




Days 

grams 

grams 

Hou rs 

grams 

grams 

grams 

grams 

grams 

grams 



f 1 

22 

414 

+0.35 

6 14 

4 85 

7 25 

3.11 

2.41 

6.23 

0.436 

6 99 

1^- - - - 

1 2 

28 

481 

+, 71 

6 67 

7.11 

13. 61 

6.23 

5. 45 

9.23 

.691 

7 49 

o 

/ 1 

14 

379 

+ 29 

10 67 

5.13 

9. 10 

3. 89 

4 18 

5 87 

248 

4.22 


1 2 

21 

396 

+ 26 

11 12 

6 18 

10 65 

4 31 

6.48 

6 78 

.297 

4 38 

o 

/ 1 

24 

377 

+.33 

7 66 

4.86 

9. 46 

4.88 

3.44 

5.66 

.436 

7. 70 


1 2 

21 

421 

+ 69 

7 65 

6 36 

11.13 

6.09 

4. 61 

6.10 

.639 

8.84 


f 1 

30 

393 

+ 26 

7 03 

4 85 

8 32 

3 33 

2. 56 

7 03 

.609 

7 24 

4 

i 2 

16 

426 

+ 68 

7 34 

6.33 

12 65 

5. 17 

4 27 

7.76 

.266 

3.43 


1 3 

14 

431 

+.21 

7 27 

5 36 

11 72 

5 49 

4.08 

7 30 

.404 

6 53 


The coefficients of variation given in table 6 are considerably lower 
and more uniform than those calculated from the results of the 
prehminary investigations. For example, in the tests summarized in 
table 2, the coefficients of variation of the daily insensible losses in 
weight ranged from 2,91 to 12.56, averaging 7.06. 

The resffits of the respiration experiments on the four steers are 
summarized in table 7. The first three experiments lasted for 48 
hours, but all others extended through 72 hours. The successive 24- 
hour values are all recorded in the table. The average heat produc- 
tions are ordinarily the average of the corresponding 2- or 3-dw 
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values, altliough in three instances, one of the three daily values was 
omitted from the average because it was considerably higher than the 
other two, probably because of exceptionally greater activity. In 
one of the cases (steer 2, experiment 118-35) objective evidence of 
exceptional activity was obtained. 


Table 7. — The respiratory exchange and heat prodiLciioti of steers per day and data 
upon which computations were based ^ 


steer 

no 

Experi- 

ment 

DO 

Aver- 

age 

body 

weight 

Day of test 

Daily feed 

Time 

in 

stand- 

ing 

posi- 

tion 

Oxy- 

gen 

con- 

sumed 

Car- 

bon 

diox- 

ide 

pro- 

duced 

Meth- 

ane 

pro- 

duced 

Respir- 

atory 

quo- 

tient 

Heat 

produc- 

tion 

Corn 

Alfalfa 

Sugar 



Kilo- 


mio- 

Kilo- 

Kilo- 




Kilo- 





grams 


grams 

grams 

grams 

Hours 

Liters 

Liters 

grams 


Calories 




First 

3 84 

0 % 

0 0 

7 75 

1,809 

1,814 

0 087 

1 003 

9, 051 


[116-35 

430 

Second 

3.84 

.96 

0 

8 38 

1, 783 

1,881 

090 

1. 055 

9, 029 




Average. . 

3 84 

96 

0 

8 06 

1,796 

1, 847 

088 

1 028 

9, 040 

1 

i 


First 

4 60 

2 30 

2 

8 96 

2, 452 

2, 720 

169 

1.109 

12, 538 


1 


Second 

4 60 

2 30 

2 

7 70 

2, 438 

2, 676 

.168 

1 098 

12, 438 


1119-35 

481 

Third 

4 60 

2 30 

2 


2, 461 

2, 666 

161 

1 083 

12, 521 




Average.. 

4 60 

2 30 

2 

8 33 

2,450 

2, 687 

.166 

1.097 

12, 499 




First 

3 40 

1 70 

0 

6 04 

1, 705 

1,818 

.086 

1.066 

8,659 




Second 

3 40 

1 70 

0 

6 96 

1,683 

1,865 

088 

1 108 

8, 625 


118-35 

366 

Third 

3.40 

1 70 

0 

(13 06) 

(1, 884) 

(1, 971) 

( 093) 

(1. 046) 

(9, 527) 




. Average^. 

3.40 

1 70 

0 

6 50 

1, 694 

1,842 

087 

1. 087 

8, 642 




[First 

4.00 

2 00 

.2 

10 10 

1,834 

2,028 

.097 

1 106 

9, 394 




Second 

4 00 

2 00 


11 36 

1,953 

2,199 

.126 

1.126 

10, 032 


,122-35 

397 

Third 

4 00 

2 00 

.2 

11 49 1 

2, 132 

2,318 

120 

I 1,087 

10,871 




. Average^. 

4.00 

2,00 

.2 

10 98 

1, 973 

2, 182 

.114 

1.106 

10,099 




[First 

3 84 

96 

0 

9.23 

1,866 

1, 927 

096 

! 1 033 

9, 402 


[115-35 

382 

Second 

3 84 

,96 

0 

10 42 

2, 016 

2,037 

102 

1.011 

10, 099 




Average.. 

3 84 

96 

0 

9.82 

1, 940 

1, 982 

099 

1 022 

9, 750 

3 



[First 

3 40 

1. 70 

2 

9. 18 

2, 061 

2, 126 

146 

1,032 

10, 344 




Second 

3 40 

1 70 

.2 

6 93 

2, 005 

2,110 

.134 

1 052 

10, 122 


(121-35 

415 

] Third 

3 40 

1.70 

2 

( 

6.86 

1,968 

2, 039 

.162 

1.036 

9, 868 




. Average*. 

3.40 

1 70 

.2 ' 

7 66 

2,011 

2, 092 

.147 

1 040 

10,111 




[First 

3 84 

,96 

0 

9. 73 

2,040 

2, 228 

.134 

1.092 

10,400 

i 

[117-35 

406 

Second 

3 84 

.96 

0 

8.84 

1,996 

2, 262 

136 

1 133 

10, 265 




Average. - 

3. 84 

.96 

0 

9.28 

2, 018 

2,246 

.136 

1. 112 

10, 332 




[First 

3 40 

1 70 

.2 

6.66 

2,132 

2,316 

.119 

1 086 

10, 874 




Second. ... 

3 40 

1 70 

.2 

12 76 

2, 175 

2, 302 

107 

1 058 

11, 031 

4 

1 120-35 

426 

Third 

3 40 

1 70 

2 

(10.96) 

(2, 636) 

(2, 697) 

(.108) 

( 985) 

(13, 162) 




Average.. 

3 40 

1 70 

.2 

11.29 

2, 164 

2, 309 

113 

1 072 

10, 952 




[First 

3.40 

1.70 

.2 

8.88 

2,054 

2, 162 

109 

1. 053 

10, 394 




Second 

3. 40 

1. 70 

.2 

9, 33 

2, 070 

2,244 

.114 

1. 084 

10, 552 


ll23-36 

441 

j Third 

3.40 

1.70 

.2 

(9.63) 

(2,287) 

(2,366) 

(.119) 

ri 030) 

(11,517) 




, Average.. 

3 40 

1.70 

2 

9 11 

2, 062 

2,203 

112 

1.068 ! 

10, 473 


I The values enclosed in parentheses are not included in the respective averages 

* There were orts in this 3-day test amounting to 630 g , dry weight 

3 There were orts m this 3-day test amounting to 360 g , dry weight. 

* Orts weighing 70 g., dry weight. 

In table 8, the data of tables 6 and 7 have been utilized in estimat- 
ing the weight of water vaporized from the steers daily. In combin- 
ing the two sets of data, the observed heat productions have been 
corrected to the average body weights and standing records of the 
periods serving for the determination of the insensible losses in weight, 
by a method described on page 842, These corrections were all 
relatively small, ranging from +7 to +324 calories daily. The 
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weights of respiratory gases (but not of methane) have been similarly 
corrected, increasing or decreasing the observed values in the same 
proportions that the corresponding observed heat productions were 
increased or decreased. While a theoretically better (but much more 
comphcated) method might have been used in making these correc- 
tions, the end results would have been very nearly the same. 


Table 8. — Computation of percentage of heat lost as vaporized water, the results 
being expressed on the daily basis 


steer no 

Period 

no. 

Insen- 
sible 
loss in 
body 
weight 

Kesults of respiration experiment i 

Vapor- 

ized 

water 

Latent 
heat of 
vapori- 
zation 

Heat 
lost as 
vapor- 
ized 
water 

Experi- 

ment 

no. 

Carbon 

dioxide 

pro- 

duced 

Meth- 
ane pro- 
duced 

Oxygen 

con- 

sumed 

Heat 

pro- 

duced 



Kilo- 


isTa/o- 

Kilo- 

Kilo- 


Kilo- 





grams 


grams 

grams 

grams 

Calories 

grams 

Calories. 

Percent 


/ 1 

6 23 

116-35 

3. 55 

0. 09 

2 50 

8, 795 

5 09 

2,952 

33.6 


1 2 

9 23 

119-35 

5 27 

. 17 

3 47 

12, 391 

7 26 

4,211 

34 0 

o 

/ 1 

5. 87 

118-35 

3.78 

09 

2 51 

8, 966 

4 51 

2,616 

29.2 

Z 

1 2 

6.78 

122-35 

4 31 

.11 

2 82 

10, 106 

5 18 

3, 004 

29.7 


r 1 

5 66 

115-35 

3. 85 

10 

2 73 

9, 593 

4 44 

2, 575 

26.8 

6 

1 2 

6. 10 

121-35 

4. 16 

. 15 

2 89 

10, 163 

4 68 

2,714 

26 7 


1 1 

7 03 

117-35 

4 34 

.13 

2 82 

10, 093 

5 38 

3, 120 

30.9 

4 

1 2 

7 76 

120-35 

4 48 

.11 

3 02 

10, 736 

6, 19 

3, 690 

33 4 


1 3 

7 30 1 

1 

123-35 

4 28 

.11 

2 89 

10, 281 

5 80 

3, 364 

32 7 


1 Except for methane, these values, as compared with those in table 6, are corrected for differences in 
body weight and m time spent in the standmg position between the respiration tests and the iieriods of 
insensible loss determination (p. 842). 


The vaporized water was computed by subtracting from the in- 
sensible loss in body weight the w^eights of carbon dioxide and of 
methane excreted, and adding to the remainder the weight of oxygen 
absorbed. Multiplying the weight of vaporized water by 0.58 gives 
the heat of vaporization. Expressing the heat of vaporization in 
each case as a percentage of the total heat produced (and within a 
small error the total heat eliminated) results in the values recorded in 
the last column of table 8. These percentages are the most significant 
results of the experiment. 

The percentages of heat output represented by the vaporized water 
are not constant among the different steers, but for three of the 
steers duplicate determinations of the percentage are remarkably 
constant, i. e., 33.6 and 34 for steer 1, 29.2 and 29.7 for steer 2, and 
26.8 and 26.7 for steer 3. For steer 4, two of the triphcate determina- 
tions are in excellent agreement, 33.4 and 32.7, although the third 
determination was appreciably smaller, i. e., 30.9, Considering the 
fact that the duplicate insensible loss determinations, except for the 
last two on steer 4, were made at intervals ranging from 2 weeks to 
3 months, while the intervals between respiration tests for the same 
steer were nearly the same or longer, this evidence of individuality 
seems decisive. 

It is interesting to note that the steers exhibiting the highest 
percentages of heat emitted by the vaporization of water, steers 1 
and 4, are the steers that metabolized the greater proportions of the 
gross energy of the feed (table 5) due to a more efficient digestion of 
the feed. Also, the steer emitting the smallest portion of heat in 
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vaporized water was almost continuously bloated and excreted 
greater than average amounts of methane. Whether these relations 
possess a causal significance cannot at present be determined. 

Evidently the best prediction of the heat production of steers 
from the insensible loss in body weight cannot be made from any 
average relationship between the two, but should be based upon a 
relationship determined in preliminary experiments upon each indi- 
vidual steer. With this fact in mind, different methods of making 
this prediction may now be considered. 

The heat production may be very accurately predicted from 
equation (15) of footnote 4 

^~1.7241ce + 1.9769 (r. q.) — 1.4290 

but this prediction would require for each steer a knowledge, not 
only of c, the percentage of heat lost by the evaporation of water, 
and of i, the insensible loss in body weight, but also of the respiratory 
quotient and of c, the heat equivalent of a liter of oxygen. If the 
respiratory quotient is less than 1 , e may be computed from it, but 
if the respiratory quotient is above 1 , as it will be on production 
rations, no rational method for the computation of e is at hand. 

If the respiratory quotient for a given steer, the ration, and the 
level of feeding are known and if the respiratory quotient is above 1 , 
the heat value of a liter of oxygen may be roughly estimated from 
the respiratory quotient by the following linear equation, describing 
the relationship observed between the two values in the series of 
respiration experiments reported in table 7: 

€=1,242 (r. q.)+3.744 

The methane production may be computed with sufficient accuracy 
from the estimated digestible carbohydrates consumed by using 
the factor of Armsby (i) of 4.5 g of CH 4 per 100 g of digestible carbo- 
hydrates. In the pre^ctions to be made below it has been estimated 
at 21.7 g per kilogram of ration, the average output observed in these 
experiments. 

The first prediction method involves, therefore, the observed 
insensible loss in body weight (i), the observed percentage of heat 
lost as vaporized water (c), the observed respiratory quotient, and 
the estimated value of €, the heat value of a liter of oxygen. In 
columns 4 and 5 of table 9, the value of this method is assessed by 
predicting the heat productions of the steers in the various experi- 
mental periods as described, and noting the percentage error incurred 
as computed from the observed heat productions. The average 
error is only 1.15 and the individual errors do not exceed 3.02 per- 
cent, incurred in the first experimental period on steer 4 . For this 
steer, the average value of c for aU three periods was used. 
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Table 9. — Estimation of heat production from insensible loss in body weight hy 
various methods explained in the text 


steer no 

Exper- 

iment 

no. 

Ob- 
served 
heat 
produc- 
tion I 

Estimations of heat production 

Method 1 

Method 2 

Method 3 

Method 4 

Heat 

produc- 

tion 

Devia- 

tion 

from 

ob- 

served 

1 Heat 
produc- 
tion 

Devia- 

tion 

from 

ob- 

served 

Heat 

produc- 

tion 

Devia- 

tion 

from 

ob- 

served 

Heat 

produc- 

tion 

Devia- 

tion 

from 

ob- 

served 

L. _ 

ril6-35 
\119-35 
/118-35 
U22-35 
f 115-35 
1121-35 
117-35 
020-35 

[ 123-35 

Calories 
8, 795 
12, 391 

8, 966 
10, 106 
9, 593 
10, 163 
10, 093 
10, 736 
10,281 

Calories 
8, 707 
12, 479 
8,874 
10,141 
9, 583 
10, 210 
9,788 
11,027 
10, 384 

Percent 
-1 00 
-f 71 
-1 03 
-f.35 
10 
-h.46 
-3 02 
4-2.71 
-fl. 00 

Calories 
8, 715 
12,450 
8. 857 
10,109 
9,596 
10,215 
9,756 
11,014 
10, 374 

Percent 
-0 91 
4-. 48 
-1 22 
4-. 03 
4- 03 
4- 51 
-3 34 
4-2 59 
4- 90 

Calories 

8, 523 
12, 046 

8,957 
10,341 
9, 305 
10, 026 

9, 997 
11,038 
10, 373 

Percent 
~3 09 
4-2 06 
- 10 
4-2 33 
-■3. 00 
-1.35 
-.95 
4-2 81 
4-. 90 

Calories 
8, 853 
13,135 
9,346 
10, 791 
9,741 

10, 496 
10, 399 

1 1, 481 
10, 790 

Percent 
4-0 66 

4 - 6. 00 

4-4 24 
4-6. 78 
4-1 54 
4-3 28 
4-3 03 
4-6, 94 
-b4 95 

9! 

3 

4 

Average 2 




1. 15 


1 11 


1 84 


4 16 









J Corrected as m table 8 
2 Disregarding signs of deviations 


A second prediction method would involve arbitrarily assigning a 
value of 5.047 calories to e, corresponding, at least in animals pro- 
moting no considerable gastrointestinal fermentations, to a respira- 
tory quotient of 1. The other bases of prediction remain the same. 
From table 9 it appears that no loss in accuracy is incurred by assign- 
ing an arbitrary, though not unreasonable, value to e. In fact, 
since e occurs in both the denominator and the numerator of the 
prediction equation, it may be expected that even considerable errors 
in the value assigned to it would not lead to serious errors in the 
estimate of heat production. 

In the third prediction method to be considered the average respira- 
tory quotient observed for all steers, i. e., 1.070, will be used in place 
of the individually observed respiratory quotients, and e will be 
assigned a value of 5.073, estimated from this respiratory quotient by 
the equation given above. While the prediction errors are somewhat 
larger for this method than for the other two, averaging 1.84 percent 
as compared with 1.15 and 1,11 percent, the method still is satis- 
factory, since the individual errors do not exceed 3.09 percent. 

However, if the respiratory q^uotient is arbitrarily assigned a value 
of 1, and the heat value of a liter of oxygen (e) the corresponding 
value of 5.047 calories, the predictions become appreciably less accu- 
rate, the average percentage deviation from the observed heat produc- 
tions being 4.16, The individual errors range up to 6.94 percent 
(table 9). 

It is clear that the success of a method of predicting the heat 
production of steers from the insensible loss in body weight depends 
upon (1) a careful determination of the insensible loss under standard- 
ized conditions, (2) a preliminary estimate on each steer of the frac- 
tion of heat lost in the vaporization of water, any ration being suitable 
for this purpose, and (3) fairly good estimates of the respiratory quo- 
tients to be expected for the experimental rations. If the errors of 
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tlie latter estimates are not more than 0.05 or 0.06, excellent predic- 
tions may be expected, while even errors of 0.10 would not be expected 
to produce errors of estimate greater than 7 percent or so. 

SUMMARY AND CONCLUSIONS 

The percentage of the insensible loss in body weight represented by 
vaporized water varies inversely with the respiratory quotient and 
approaches 100 as the percentage of heat lost from the body by the 
vaporization of water increases. 

The insensible loss in body weight of steers is sensitive to changes 
in environmental temperature, particularly above a temperature of 
70° F. Changes in relative humidity of the surroxmding air are 
without certain effect up to values of 80 percent or more. 

The hair coat of a steer is a potent factor in determining the insensi- 
ble loss in body weight through its effect upon the vaporization of 
water from the skin- Removal of most of the hair coat by shearing 
may lower the insensible loss of weight by 20 to 30 percent. The 
shearing of steers tends markedly to equalize the percentages of heat 
lost through the vaporization of water. 

A regular intake of water favors a regular insensible loss in weight. 
Abstention from water for several days may depress the insensible 
loss in weight to abnormally low levels. 

With rigorous control of ail conditions with reference to the environ- 
ment and to the animal that are known to affect the vaporization of 
water, the day-to-day variation in the insensible loss of body weight 
of steers confined in stalls may be reduced to a magnitude represented 
by a coeflficient of variation of about 6 percent. 

The ratio between heat lost by the vaporization of water and total 
heat output is not constant imder the same environmental conditions 
but is an individual characteristic, at least for steers in the sheared 
condition. 

The heat production of steers on a series of experimental rations 
may be estimated with small error from the following data: 

(1) A careful determination of the insensible loss in body weight 
on each ration over a period of 2 weeks (or possibly less) under 
standardized conditions, as defined above. 

(2) A preliminary estimate on each steer of the fraction of heat 
lost in the vaporization of water under the same conditions to be used 
in the subsequent experiments, any ration being suitable for this 
purpose. 

(3) Fairly good estimates of the respiratory quotients to be expected 
on the various experimental rations. If the errors in these estimated 
quotients are not more than 0.05 or 0.06, excellent predictions of heat 
production may be expected, while even errors as great as 0.1 may 
not produce errors in estimated heat production of more than 7 
percent. 
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VIABILITY OF CONIFER SEED AS AFFECTED BY SEED 
MOISTURE CONTENT AND KILN TEMPERATURE ^ 

By “William G. Morris - 

Assistant silmcidturist, Pacific Northwest Forest Experiment Statiori, Forest Service, 
XJnited States Department of Agriculture 

INTRODUCTION 

In collecting conifer seed to use in reforestation, the cones must be 
harvested before the scales open or the seed will drop out and be lost. 
After they are harvested, the green cones must be thoroughly air-dried 
before the scales will open sufficiently to release all of the seed. In 
some regions weather conditions may interfere with drying operations. 
This condition and the development of the forest-seed industry have 
brought into use the dry kiln with its wide range of temperatures as 
a more controllable means of opening freshly gathered, moist cones. 
Kiln operation in the drying of cones cannot, however, be governed 
by the sole aim of completing the run in the shortest possible time. 
Many organic compounds are more liable to be disorganized by heat 
when they have a high moisture content than when they are dry, and 
seeds may be expected to react in this way. That in some seeds 
disorganization from the application of heat is greatest when moisture 
content is high is well known, even from the rather meager specific 
data on the subject. Obviously, the kiln operator must know what 
temperatures he can apply without injuring the moist seed. Also, 
he should know whether he may not apply much higher temperatures 
after part of the cone and seed moisture has been driven off by 
moderate heat. The object of the study discussed here was to 
determine, for certain conifer seeds, what effect a gradual increase 
in heat may have on moist seed, and the relation of such effects to 
increase in the moisture content of the seed. Furthermore, it was 
desired to determine the critical combinations of heat, moisture, and 
duration of heating. Tests were made with seed already extracted 
by air-drying. Results from such tests, although not exactly com- 
parable with those in actual practice, were regarded as clearly in- 
dicative of results to be expected in seed extraction. 

REVIEW OF LITERATURE 

The fact that certain dry seeds withstand higher temperatures 
than moist seed was reported by Eduard Heiden in 1859, Julius 
Sachs in 1865, and L. Just in 1875, according to citations by Atanasoff 
and Johnson (7).^ "Waggoner (7^) later heated radish seed under a 
large number of different moisture content and temperature condi- 
tions and found also that the ability of the seeds to withstand heating 
varied inversely with their moisture content. For example, when 
seed of the Icicle radish, having a moisture content of more than 38 

1 Received for publication Nov. 20, 1936, issued July 1936, 

2 The experimental work for this report was done at the University of California, Division of Forestry 
The writer received many helpful suggestions from F. S Baker, A. W. Sampson, and A. R. Davis. 
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percent, was heated at 55 C. for one-half hour, the germination was 
subnormal, but when the seed-moisture content was only 0.4 percent, 
the germination was normal even after the seed was heated at 105° C. 
At 100° and more, the germination became less with each step ol 
moisture_increase above 0 4 percent. 

Hottes and Wilson {8) obtained a moisture series similar to Wag- 
goner's by placing wheat on trays in the upper part of jars which 
had various concentrations of sulphuric acid in the bottom. Despite 
the molding of samples with high moisture content, the investigators 
found that samples having 10 percent moisture, after being heated 
for 1 hour at 90° C. in a closed container, failed to germinate, but 
when heated at 80°, germinated 100 percent. Samples with 12 
percent moisture gave no germination after heating at 80°, but 
76-percent germination after heating at 70°. Germinating methods 
and sampling were not described. 

Somewhat similar though less conclusive results were obtained by 
Harrington and Crocker (60, Kienholz (76), and Hofmann (7). 

A number of investigators have studied the lethal temperatures for 
seed having a moisture content in equilibrium with ordinary storage 
conditions, but for the purposes of this study their work is of little 
value, since they made no record of either the air- or seed-moisture 
content. These include Atanasoff and Johnson (7), Burgess (^), 
Ewart (3), Gaine (5), Jodin (6), Eobertson (77), Spafford (7^), Staker 
{IS), and Wright.^ From these investigations dealing with lethal 
temperatures for seed of no stated moisture content, one can only 
conclude that with alfalfa, barley, wheat, oats, and acacia there is 
likely to be a decrease in germination after the seed has been subjected 
to about 90° C. for several hours, but seed from Douglas fir, ponderosa 
pine, peas, and cress evidently is injured at a lower temperature. 

EXPERIMENTAL METHODS 

MATERIAL USED AND NATURE OF TESTS 

The seed used in this experiment was that of Douglas fir {Pseudotsuga 
taxijolia (LaMarck) Brit.) and ponderosa pine {Finns 'ponderosa, 
Dough). It was purchased from a dealer in forest seed at Longview^ 
Wash., and was accompanied by declarations of origin. The fir seed 
came from an altitude of 700 feet in Cowlitz County, Wash. The pine 
seed was from Antelope Creek watershed, Siskiyou County, Calif., 
elevation 4,800 feet. Both kinds of seed were harvested in the fall of 
1980 and had been extracted from air-dried cones. 

The heating experiments were made in February 1931. The seeds 
were heated under 36 different combinations of conditions, including 
3 known degrees of moisture, a long and a short period of heating, and 
6 temperatures ranging by 5-degree intervals from 45° to 70° C. 
The percentage of germination from 5 samples, each containing 100 
seeds, was used as the criterion of the result of each different treatment. 
Thus, a total of 180 germination tests was made. To obtain a basis 
for the choice of procedure, the effect of small changes in conditions 
and the reliability of the germination percentage were measured in 
preliminary experiments. 

< Wrioht, E. the viability of native and E 30 TIC SEED AT HIGH TEMPERATURES. Berkeley, Calif. 
1923. (Thesis, Umv Calif) 
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ADJUSTING THE MOISTURE CONTENT 

Three moisture conditions were chosen with the intention of having 
a maximum and minimum that are commonly encountered and an 
intermediate point to help determine any graduation of effects due to 
the moisture. 

The driest sample came from seed stored in crocks under laboratory 
conditions, averaging 7 ±0.5 percent moisture. The intermediate 
moisture condition was set at 30 percent, which represents that of 
seed in cones that have been stored for some time previous to extrac- 
tion. The maximum moisture condition was set at 60 percent for the 
fir and 50 percent for the pine, because moisture of these percents 
approaches the greatest amount of water which these seeds will absorb 
and approximates the moisture content of freshly gathered cones. 

A moisture content of 30 percent was obtained by soaking the 
Douglas fir seed in water for 35 minutes and the ponderosa pine seed 
for 3 hours. The moisture contents of 60 percent for Douglas fir seed 
and 50 percent for the pine were obtained by soaking the fir seed for 
10 hours and the pine seed for 15 hours. 

After the water was drained from the seeds, they were spread on a 
paper towel for approximately 5 minutes to allow the superficial water 
to dry. The seed was mixed and respread several times during the 
drying period, so that it would have a uniform exposure. When the 
coats appeared free from a water film, the seed was put in stoppered 
heating bottles and a 6-g sample set aside for a moisture determination 
(based on the constant weight after drying the sample at 90"^ C.) 
These checks showed that the seed classed as having 30 percent mois- 
ture actually had a range of ±2 percent, and that classed at 50 or 60 
percent actually had a range of ±3 percent. 

HEATING 

The seed was heated at temperatures of 45°, 50°, 55°, 60°, 65°, and 
70° C. in the upper part of a thermostatically controlled electric oven. 
By means of a small motor-driven fan, the desired temperature was 
maintained in all parts of the upper half of the oven with a variation of 
only ±1°. 

The seed containers were glass bottles, the cork stoppers of which 
had a fine groove cut in the side to allow a balance with atmospheric 
pressure. The bottles containing the pine seed were 2 inches square 
and 4 inches tall, and those containing the Douglas fir seed were 1 %- 
inch roxind bottles, 3 inches tall. 

It was desired to prevent any significant drying in the seeds during 
heating. Trial samples showed no appreciable _ loss in moisture 
content during a preliminary 10-hour heating period at 50° C., and 
moisture-content samples taken in the regular heating periods indi- 
cated that 2 percent was the maximum loss to be expected, this 
occurring in the samples which had 30 percent or more moisture at 
the beginning. 

About 1 hour was required for the temperature at the center of a 
bottle of dry seeds to equal an oven temperature of 50° C.; therefore 
it was necessary to preheat the seed in a quick way. To do this, 
the glass containers were warmed, then the seed was introduced, and, 
with thermometers thrust through the stoppers, the bottles of seeds 
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were warmed in a small liot oven. The samples were constantly 
watched and shaken by hand so that uniform heating from the out- 
side to the center would be obtained. The desired temperature 
generally was reached in 5 to 10 minutes, and the bottles were then 
quickly transferred to the main oven. 

The thermometers in the bottles were allowed to project through 
the two ventilator holes in the top of the main oven and were checked 
frequently to avoid any accidental fall or rise in temperature. The 
temperatures within the bottles did not vary more than 1° C. Six 
bottles of seed usually were put in the oven at the same time so that 
seed representing three different moisture conditions and two differ- 
ent durations of heating were subjected to the same temp era ture.^ 

To determine the effects of two different durations of heating, 
some of the bottles were removed from the oven at the end of half 
an hour, the rest remaining 3 hours. Upon removal, the seed was 
spread on paper towels to dry and cool for 24 hours, whereupon it 
was stored in imsealed envelopes for 1 week before the germination 
tests were made. 

GERMINATION 

Since it would be very difficult to measure the separate physio- 
logical changes within seed which had been heated, the ultimate 
effect of high temperature was judged by the percentage of germi- 
nation after heating. To obtain a standard for comparison of effects, 
eight random samples of unheated seed taken from the same crock 
were germinated. To have these under representative sprouting 
conditions, four samples were placed in each of the two germinating 
chambers. 

By means of a graduated test tube of small diameter, the seeds 
were measured into lots containing approximately 100 seeds each, 
and no accurate count was made until the end of the germination 
period. Each lot was put in a separate test tube to be soaked in 
water 24 hours, after which time the water was drained off and the 
sample was placed on an individual plate in the germination chamber. 

The germination plates were rough-surface, 4- by 3-inch paper 
ice-cream plates that had been soaked in water for 3 weeks to make 
them thoroughly saturated when first put in the germinator. 

The germinating equipment consisted of two automatically con- 
trolled, water- jacketed germinators, with eight wire shelves in a 
chamber 18 by 20 by 20 inches and a water-pan humidifier under the 
bottom shelf. Temperatures were maintained at 27° C. The 
atmosphere was saturated at all times to prevent excessive drying 
of the plates. 

The samples were inspected at 5-day intervals by removing one 
shelf at a time and recording for each numbered plate the number of 
seeds having protruding sprouts. The recorded seeds were then 
discarded. If molds or midge fly larvae appeared on the plate, or if 
some of the radicles had started to wilt as a result of damping-off 
fungi, the observation was included in the notes, in order that any 
correlation between the presence of these associates and the seed 
viability might be discovered. If any of the plates needed moistening, 
they were sprayed with a fine jet of water. 

The tests were continued for 60 days, whereupon it was estimated 
from cumulative germination curves that sprouting of viable seeds 
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was complete Previous cutting tests Pad shown the original stock 
of pine seed to have from 7- to 30-percent culls. To determine 
accurately the germination percentage, it was necessary to know the 
number of fully developed seeds in each sample. Tliis was done in 
the case of the ponderosa pine samples by cutting open the iinger- 
minated seeds and eliminating the undeveloped specimens. Germi- 
nation percentages were based upon the number of sprouted ponderosa 
pine seed plus the developed but unsprouted seed. From previous 
cutting examinations it was found that the original Douglas fir seed 
was 98-percent sound, and since most of the ungerminated Douglas 
fir seed in the sprouting tests had disintegrated before the end of 60 
days, no careful cutting tests were made on them after germination, 
the original number in each sample being used as the basis for ger- 
mination computations. 

As the plates were inspected, the area of each plate covered by the 
black mold Chaetomium elatum was estimated in tenths; the ratio 
of seeds attacked by the white mold Verticillium sp. and the presence 
of midge larvae were recorded on a scale of 10; and the presence of 
ciystals, as yet unidentified, noticed on some of the pine-seed coats, 
was indicated in the notes. Since the presence and amount of 
damping-off fungi, molds, fly larvae, and crystals later proved to 
have no correlation with the germination results, they will not be 
discussed further. 

RESULTS AND DISCUSSION 

ANALYSIS OF THE DATA 

The first step in handling the data was to determine the final ger- 
mination percentage of each of 360 samples, and, for each species, to 
average these percentages for the five samples which had the same 
moisture content and were heated at the same temperature for the 
same length of time. The standard deviation of the five samples for 
each treatment was computed and compared with the deviations of 
individual samples which occurred farthest from the average. None 
of the samples showed sufficient deviation from the mean to be re- 
jected. The standard error (standard deviation of a mean) was also 
computed.® The final germination percent and the standard error 
of each are given in table 1. 

After computing the final germination percentages, the cumulative 
germination percentage for each sample and the mean of the five du- 
plicate samples was computed for the end of each 5-day period. These 
cumulative mean values are plotted in figures 1 and 2 to illustrate the 
progress of sprouting. The standard deviation of the five samples 
around the moving average formed by the cumulative mean values 
was computed for each curve and is shown in the figures. 

To those who are accustomed to germinating agricultural crop seeds, 
the variations in the followmg tests may seem unusually large. How- 
ever, it has been the experience of investigators using forest seed that 
tree seeds are more liable to give low germination percentages and 
highly variable results. 


6 By the formula, standard error- 
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Table 1. — Average germination'^ of Douglas fir and ponder osa pine seed of given 
moisture content heated at various temperatures for 0.5 and 3 hours 

DOUGLAS FIR 


Heating tempera- 
ture (°C ) and 
period 

7 percent 
moisture 
content 

30 per- 
cent 

! moisture 
content 

50 per- 
cent 
and 60 
percent 
mois- 
ture 
content 

Heating tempera- 
ture (°C ) and 
period 

7 percent 
moisture 
content 

30 per- 
cent 

moisture 

content 

50 per- 
cent 
and 60 
percent 
mois- 
ture 
content 

45°' 

Percent 

Percent 

Percent 

60® 

Percent 

Percent 

Percent 

fl hour 

62±3 2 
65rb2 2 

68±1.8 

2 55±3.8 

2 58±3 0 

2 38±3 6 

0 6 hour 

61±1 7 

0 

0 

3 hours 

50®; 

3 hours.-- 

65® 

64±4.3 

0 

0 

0 hnnr . 

62±3 0 
57=fc4, 5 

60±2. 8 
25±3 1 

37=hl 2 

0 5 hour 

2 43d=l 9 

0 

0 

3 hours 

55® 

IdzO 6 

3 hours. 

70® 

53zh2.0 

0 

0 

0.5 hour. - 

66d=l. 5 

2 30±3. 9 

0 

0 5 hour 

11±2.8 

0 

0 

3 hours 

2 62±3 6 

1±0.2 

0 

3 hours 

1S±2 3 

0 

0 


PONDEBOSA PINE 


45®: 

0 5 hour 

24±1 8 

23±2.8 
21±2 8 

2S±L8 

19±2.S 

17±2. 7 

60®- 

0.5 hour 

18±1 5 

2±0 5 


21=h3 0 

21±1. 3 

23±3 3 

2 18±2 4 

2 9d=1.4 

3 hours 

21±1 8 

0 

50® 

0 5 hour 

65®. 

0 5 hour 

13±2.0 

0 

3 hours 

22±2 2 

3 hours 

11± 9 

0 

55®. 

0 .5 hour. 

2 19=b2 2 

2 17d=2 1 

2 16±3 5 

2 3=b0. 6 

17=fcl 9 

0 

70°: 

0 5 hour 

9±2 1 

0 

3 hours 

3 hours 

7± .7 

0 






I The significance of the mean is given in terms of the standard error of the mean. A range of 3 times the 
standard error above and below the mean of 5 observations includes, according to normal probability, 9G 
percent of all other means which might be obtamed from additional samples of the same material U). 

3 For the indicated seed moisture content and duration of heating, this value represents the first significant 
deviation from normal that resulted from increase m the temperature applied The normal values were 
6S±1 8 percent for Douglas fir and 29±2 4 percent for ponderosa pine. 

According to some authors, not only the final germination percent- 
age at the end of a long period but also the germination that takes 
place within a short time should be considered as an indicator of the 
physiological condition of seed. Harrington and Crocker {6) found, 
in testing heated Kentucky bluegrass seed, that the germination, 
although it later equaled the normal, was subnormal during the early 
p^t of the germination period. To study such relationships for 
Douglas fir and ponderosa pine, the writer plotted germination per- 
centages for 5-day intervals. From inspection of figures 1 and 2, it 
is apparent that the condition which Crocker and Harrington ob- 
served does not exist in the present experiment. In fact, it is reversed. 
Germination of Douglas fir seed heated while in a moist condition 
was, for the first 20 days, equal to that of the unheated samples. 
After 20 days the heated seed did not germinate at the same rate 
as the unheated samples. This is shown by the fan shape of the 
curves in figures 1, and 2, A. However, the pine-germination prog- 
ress curves begin to show differences in seed viability by the fifth 
day and remain nearly parallel after that (figs. 1, C, and 2, B). 

TOTAL GERMINATION RESULTS AND THEIR APPLICATION 

In table 1 it is seen that dry (7-percent moisture content) Douglas 
fir seed was not injured by heating for 3 hours at 50° C., but if the 
moisture content was 30 percent, a great loss in germination occurred. 
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Also, dry seed heated at germinated normally, but seed with 30 
percent or more moisture content heated for one-half hour at the same 
temperature failed completely. A temperature of 50° is often used 
in seed-extraction kilns. If freshly gathered cones (which usually 
have a moisture content of much more than 30 percent) are put in a 



kiln at 50° and are not allowed free air circulation so that every cone 
with its seeds can dry out in less than 3 hours, probably the seed will 
be injured. ^ If the moisture content is 60 percent when the cones are 

E ut in the kiln, the seed will probably be injured in less than one-half 
our, unless it dries considerably within a few minutes. 
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It is possible that the relatively low temperatures which injure wet 
seed may reduce the germination of seed sown naturally. Surface 
soil temperatures often reach 50^ C. in the fall when the soil and seeds 
are wet. 

Table 1 shows that a temperature increase of 5^ C. when heating 
Douglas fir or ponderosa pine seed may decrease the germination more 
than 30 percent. An increase from 50° to 55° C. caused a great loss 



EUAPSED TIME OF GERMINATION (DAYS) 


Fioube 2.— Germination of seed which, at a moisture content of 30 percent, has been heated for one-half 
hour: A, Douglas fir; jS, ponderosa pine. 

in germination of Douglas fir seed when moisture content was 30 
percent and the heating period was one-half hour, and a further in- 
crease of 5° caused a complete loss of viability. This indicates that 
care must be taken to keep all cones in a kiln at the same safe tem- 
perature. Temperatures at various places inside a drying chamber 
often differ by 5°. A temperature record taken at one point may 
indicate a safe condition while seeds at some other point are being 
destroyed. 
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The length of time that seeds are heated may have in some instances 
as great an effect on the viability as the seed-moisture content and 
heatmg temperature. When Douglas fir seed had a moisture content 
of 30 percent and was heated at 55° C., the germination after a K- 
hour heating period was 30 percent, but after a 3-hour heating period 
was only 1 percent (table 1 and fig. 1, A and B). However, if the 
seed was dry, a 3-hour heatmg period had no appreciably greater effect 
than a K-hour period. Apparently the heat resistance of dry seed is 
such that the initial damage is done in a short time, and no more 
injury is caused unless a very long heating period is used. 

When dry Douglas fir or ponderosa pine seed (7-percent moisture 
content) is heated at 45° 0. for one-half hour, the viabihty is not im- 
paired. If the temperature, or seed moisture content, or time, or aU 
three factors together, are increased unit by unit, there may be no 
evident effect on viabihty at first, but, ultimately, a combination of 
conditions is reached which causes a slight decrease in seed germina- 
tion. This may be called a critical combination of conditions. 
Beyond that critical combination, any increase, either in heating tem- 
perature, seed-moisture content, or duration of heating, will cause a 
corresponding decrease in viability. It may be said that, in kiln dry- 
ing, a shght increase in any one of these three factors is not dangerous 
unless the factors are already near a critical combination. But if 
cones are being dried near the critical heat point, the greatest care 
must be taken to avoid any increase in one of the three drying factors 
without a corresponding safe decrease in another factor It will be 
of prime importance to the kiln operator to know the critical com- 
binations of heating conditions. Within the range of conditions 
tested in this experiment, the critical points exist at some combination 
of conditions slightly more moderate than those which caused the 
first significant losses, as shown in table 2. 


Table 2. — Summary of temperatures causing first significant injury of seed at 
different moisture contents 


Seed-moisture content and 
duration of heatmg 

Douglas 

fir 

Ponderosa 

pine 

Seed-moisture content and 
duration of heating 

Douglas 

fir 

Ponderosa 
[ pine 

7 percent 
hour 

65 

56 

45 

“ C. 

55 

50-65 

55 

60-65 

50 percent (ponderosa pme) : 

W hour - 

“ C. 

“ a 

50 

45-60 

3 hours . . „ - _ . 

3 hours - 


30 percent. 

hour 

60 percent (Douglas fir) : 

hour... - 

45 

3 hours 




SUMMARY 

From the results of this experiment on seed of ponderosa pine and 
Douglas fir a few general statements may be made concerning the 
practice of kiln-drying cones of these species before shaking out the 
seed. It seems imperative that there should be a thorough circula- 
tion of drying air aroimd every cone. The cones should not be in 
piles, as this will keep the inside ones moist. There will be economy 
in spreading the cones in a thin layer so that they may dry more 
rapidly, for the sooner they dry, the less apt they are to be damaged 
by heat. 

The drying should be begtm with a relatively low temperature — 
40° C. for instance — which may be increased as the cones become 
drier. Near the end of the run the temperature probably can be 
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raised to 55*^ if the seed-moisture content has already been reduced 
to 20 percent or less. If the cones have been somewhat air-dried 
before they are put in the idln, they may be started at a higher tem- 
perature than more moist cones. Moisture-content samples should 
be taken, and the sacks of cones should be graded according to mois- 
ture content, if the greatest efficiency of kiln operation is desired. 
When tliis is done, a batch of wet cones can be run at a low safe 
temperature and a charge of dry cones at a faster-drying but equally 
safe temperature. In that way it will not be necessary to extend 
the heating period of the dry cones in order to prevent injury to the 
seed of a few moist cones. 
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THE COMPARATIVE INSECTICIDAL EFFICIENCY 
AGAINST THE CAMPHOR SCALE OP SPRAY OILS 
WITH DIFFERENT UNSULPHONATABLE RESIDUES ^ 

By A. W. Chessman, associate entomologist, Division of Fruit Insect Investigations, 
and Lynn H. Dawsey, associate chemist, Division of Insecticide Investigations, 
Bureau of Entomology and Plant Quarantine, United States Department of 
Agriculture ^ 

INTRODUCTION 

The percentage of the more chemically active constituents in a 
given mineral oil, as indexed by the unsulphonatable-residue test 
recommended by Graham (5, 6) ^ may indicate the approximate con- 
tent of olefines or other unsaturated hydrocarbons, including aro- 
matic, naphthenic, and resinous substances, as well as branched-chain 
paraffin compoxmds of high molecular weight. The large number of 
makes and grades of spray oils of the lubricating or engine oil type 
employed at present, together with the uncertainty about the chem- 
ical composition of each oil, prevents the making of a trustworthy 
comparison of the relative toxic effects of the above-mentioned active 
constituents on scale insects. However, although the different active 
constituents cannot be separated by the sulphonation test, it is possi- 
ble to determine (by experiments) whether the more active compounds, 
as so measured collectively, have any effect upon the insecticidal 
action of the oils. Swingle and Snapp (8) have obtained data 
regarding the effect of several oils having different percentages of 
sulphonatable constituents, on the control of the San Jose scale 
(Aspidiotus perniciosus Comst.) on peach trees at Fort Valley, Ga., 
and report that wide variations in the content of sulphonatable mate- 
rials produced little difference in toxicity to that insect. Their tests 
were conducted with oils containing sulphonatable portions ranging 
between 100 and 31.2 percent by volume. On the other hand, 
English (4) states that imder some conditions the unsaturated oils 
may be more toxic. 

Since any investigation of the toxicity of the sulphonatable constit- 
uents must be made with oils of both unknown and differing composi- 
tion, it should be borne in mind that the results obtained in using a 
small number of oils are not necessarily applicable to all such oils. 
With recognition of this limitation, the laboratory and field experi- 
ments described below were planned. The objective was to deter- 
mine whether or not three mineral oils containing markedly different 
percentages of sulphonatable material would produce measurably 
different mortalities of the camphor scale, Pseudaonidia duplex 
(CklL), at New Orleans, La. Spuler, Overley, and Green (7) report 
that the insecticidal value increases with the viscosity of oils; and, if 
such is the case, the effects of the sulphonatable portions, i)rovided 
they influence the insect, should be separated from effects attributable 

1 Received for publication Feb. 12, 1936; issued July 1936. 
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to viscosity. Hence oils were selected which had substantially the 
same viscosity and volatility in order that the effect of variations in 
these two properties would not obscure differences in results due to 
variations in the sulphona table content. 

EXPERIMENTAL METHODS 
SPECIFICATIONS OP OILS 

All sprays were prepared from two oils purchased from a well- 
known manufacturer and designated for experimental purposes as 
WR and L-1778. The Saybolt viscosities, the percentages of non- 
volatile and of sulphonatable portions, and the specific gravities were 
separately determined and are presented in table 1 . 

Table 1. — Ckaracteristics of oils used in ezperiments with sprays against the 
camphor scale, New Orleans, La., 19S2 


Oil designation 

Saybolt 
viscosity 
at 100*" F. 

Nonvolatile 
material (24 
hours at 
100° F.) 1 

Sulphonat- 
able material 
(by volume) 

Specific 
gravity at 
'68 0° F. 

WE - - 

Seconds 

94 9 1 
97.8 1 
101.9 

Percent 

98 6 
98 6 
98.4 

Percent 

6 
16 
33 j 

0 8512 
.8679 
.8846 

WE/L-1778 - 

L-1778 - 



1 Evaporation tests were made according to methods proposed by Dawsey {2). 


Distillation ranges were not determined, but according to the 
manufacturer's specifications the WR oil began distillation at 654° F. 
with 89 percent off at 750*^, and the Lr-1778 began distillation at 630° 
with 87 percent off at 750°. The L-1778 was stated to be a blend 
of two or more straight-run oHs. The oil designated as WR/L~1778 
consisted of equal parts of the first and third oils, compounded by 
mixing them before preparing emulsions therefrom. 

PREPARATION OF EMULSIONS 

The emulsions consisted of the mineral oils dispersed in an aqueous - 
solution of sodium oleate. Concentrated emulsions containing 66^^ 
percent of oil by volume were made according to the process suggested 
by Dawsey,^ wherein emulsification takes place spontaneously and 
the emulsifying soap is formed simultaneously. These emulsions 
were then usually diluted to an intermediate concentration of 40-per- 
cent oil before the highly diluted sprays containing from 0.9 to 2 
percent of oil were prepared. The stock emulsions used throughout 
the work were numbered consecutively from 1 to 9, inclusive, and the 
sprays made from them were designated in a like manner. 

Table 2 shows the composition of the sprays applied to potted 
camphor-tree {Cinnamomum camphora) plants in the laboratory. 
The stock mixtures were prepared 1 day prior to application of the 
sprays, the sprays being made up at the time of application by 
dilution with distilled water. 

* Dawset, L. H. spontaneous emulsification in the peeparation of oil speays. Unpublished 

TnaTin^nrmT. ^ 
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Table 2.— Composition of oil sprays used against the camphor scale on potted 
camphor-tree plants in the laboratory June 14 and Aug. 24 , 1932 


stock emulsion no.i 

Oil used 

Date of 
spraying 

Composition of sprays 

Spray 
no 2 

Volume of 
stock emul- 
sion taken 

Oil content 
of spray 

Normality 
of sodium 
oleate In 
aqueous 
phaseXlO^ 

1 . 

WR 

June 14 

„.do 

fla 

ilb 

f2a 

\2b 

rsa ! 

\3b 

/4a 

\4b 

f6a 

t5b 

lab 

Cc 

50 

85 

50 

85 

60 

85 

45 

75 

45 

75 

45 

75 

Percent 

1.0 

1.7 

1.0 

1 7 

1 0 
1.7 
.9 
1-5 
.9 

1 5 
.9 
1.5 

6. 62 
11. 34 
6. 62 
11. 34 
6. 62 
11. 34 

5.95 
9. 98 

6.95 
9 98 
5 95 
9, 98 

2 -- 

WR/L-1778 

3 

L-1778 

...do 

4 

WR ' 

Aug. 24 

...do 

5 

WR/L-1778 

6 

L-1778 

...do 





1 Each stock emulsion was made of 200 cc of oil, 4.3 cc of 3 05/N oleic acid, and 300 cc of distilled water, 
and had an oil content of 40 percent by volume. 

2 The total volume of the spray after ddution was 2,000 cc 


For the field sprays, both the oil concentration and the soap con- 
centration were fugher than in the laboratory sprays. The oil con- 
centration was 2 percent and the emulsifier concentration (normal- 
ity of sodium oleate in the aqueous phase) was 24.7 X 10“^. The effect 
of increasing the oil content is to deposit a heavier film of oil on the 
tree. The effect of increasing the soap concentration is to decrease the 
oil deposit, but in this particular case, where 100 gallons of spray was 
made at a time, it was necessary to use New Orleans tap water, and 
an excess of soap was necessary to overcome its hardness and at the 
same time keep the oil globules in suspension. 

Field-spray experiments (f) conducted in 1931 had shown that 
the kills most suitable for accurate mortality determinations (50 to 
75 percent) might be obtained by using a spray containing 2 percent 
of oil (emulsified with potassium fish-oil soap) and having a soap nor- 
mality of 26.3 X 10“^. Effort was therefore made to approximate that 
composition in the field sprays. For each stock emulsion the oil was 
emulsified by the spontaneous method into a mixture containing 40 
percent of oil. Two gallons of the oil was poured into a 15-g^on 
oak keg, to which a stirrer driven by a )^-horsepower, 1,750-revolu- 
tions per minute motor was clamped; 0.0793 gallon (300 cc) of 3.06 
normm oleic acid was stirred into the oil; 0.0817 pound of C. P. 
sodium hydroxide was dissolved in 1 gallon of distilled water, and 
this alkali solution was slowly added ^ to the oleic acid-mineral oil 
mixture with fast mixing. After emulsification, 2 gallons more of dis- 
tilled water was added and the whole 5 gallons of emulsion stored 
overnight in a large milk can for use in field spraying the following day. 

These stock emulsions, nos. 7, 8, and 9, each containing 40 percent 
of oil (WR, WR/L-1778, and Lr-1778, respectively), were diluted with 
tap water to a final volume of 200 gallons to form sprays 7F, 8F, and 
9F, each containing 2 percent of oil. The emulsifier concentration 
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(normality of sodium oleate in the aqueous phase) of 24.7X10”^ in- 
cludes oleates of calcium, magnesium, etc., formed with undeter- 
mined quantities of mineral salts in the dilution water. 

APPLICATION OF LABORATORY SPRAYS 

The potted camphor-tree plants to which the laboratory sprays 
were applied had previously been artificially infested by the ‘'box’" 
method (1); so the populations were of uniform age distribution, and 
differences in the mortality of scales attributable to variation in age 
susceptibility w^ere eliminated. The insects were in the adult stage at 
the time of spraying. 

The laboratory spraying outfit consisted essentially of apparatus 
already described, and standar^zed conditions of spray application, 
like those described in the earlier paper (1), were maintained. The 
applications were made with a compressed-air sprajer consisting of a 
2-liter metal tank, to which was attached a short piece of rubber hose 
fitted with a vermorel nozzle. The air-inlet pipe reached nearly to 
the bottom of the tank, so the incoming air provided sufficient agita- 
tion to insure an even distribution of oil within the tank. The in- 
fested plants were placed upon a revolving platform, at a distance of 
1 meter from the nozzle, and each plant was sprayed for 24 seconds at a 
constant pressure of 40 pounds per square inch. The six sprays of 
the first set, numbered la to 3b (table 2), and containing 1 and 1.7 
percent of oil, respectively, were applied on June 14. The other six 
sprays, designated 4a to 6b, were applied on August 24, but the oil 
concentrations were reduced to 0.9 and 1.5 percent, respectively, for 
the two series of the second set, because the scales of this brood were 
not so old as those of the earlier brood. Each set was treated as an 
independent experiment, since the applications were made at differ- 
ent times of the year. The number of plants composing the June 14 
set was 46, of which 8 were sprayed with distilled water as checks; 
the number of plants composing the Au^st 24 set was 42, of which 
7 were sprayed with water as checks. The plants were from 15 to 
20 inches in height and about 2 years old when sprayed. 

APPLICATION OF FIELD SPRAYS 

In the field sprays an entirely different technique was employed, 
the apphcations bemg made with a power sprayer of a type used in 
cominercial work. The camphor-trees to be sprayed were located in 
Metairie Cemetery on both sides of a driveway running southwest 
and northeast. They were heavily infested with adult scales and 
ranged from 10 to about 25 feet in height. All were in the open and 
exposed to the sun at all times of the day. The trees along the drive 
were numbered from 1 to 10, going in the northeast direction, the 
numbers alternating from one side of the road to the other. Nos. 1, 
6, and 9 were designated as check trees and were left imsprayed. The 
remaining seven trees were sprayed between 9 a. m. and noon on 
November 22. Spray 7F was applied on trees 2, 3, and 5; spray 8F 
on trees 4 and 7; and spray 9F on trees 8 and 10. Applications were 
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made with a power spray machine at 350 pounds’ pressure. The 
time during which each tree was sprayed depended upon the size of 
the tree, and an attempt was made to secure urdform coverage or 
wetting of all parts of each tree. At the time of spraying a number 
(from two to five) of small branches on each tree were tagged as 
suitable for maldng counts and mortality determinations of the 
scales located thereon. 

In order to determine whether any separation of the oil occurred 
in the spray tanks, samples were taken from the nozzle at the begin- 
ning and end of the application of each spraying and analyzed for oil 
content. These samples showed from 1.9 to 2 percent of oil. Since 
a difference of 0.1 percent is within the limits of accuracy of the 
method of samphng and analysis, it was concluded that no break- 
down of the emulsions occurred while spraying, and that all trees 
received substantially the correct oil concentration. 

RESULTS 

OIL DEPOSITED BY SPRAYS 

Since the previous work done in a study of the insecticidal action 
of emulsions at this laboratory (Jf) has shown that the percentage of 
insects killed is closely related to the quantity of oil deposited on the 
plant surface by the spray, analyses were made to determine the 
quantity of oil deposited on camphor-tree foliage by all sprays 
described herein. 

At the time the potted plants were treated on June 14, portions of 
the same sprays were applied to pairs of branches from green cam- 
phor-trees. The number of leaves on the branches usually amounted 
to about 1,000. After being sprayed, the branches were allowed to 
dry, and from each branch (there were duplicate branches for each 
spray) approximately 500 leaves were clipped. These leaves were 
thoroughly mixed, and from each lot 200 disks 2 cm in diameter were 
stamped by means of a leaf die. The disk samples were then extracted 
with ether as the first step in the determination ® {S) of the quantity 
of oil deposited by the respective sprays. 

In the laboratory tests of August 24 the method of apphcation of 
sprays to foliage more closely approximated the method by which 
the potted plants were sprayed. Branches cut from trees in the 
field were brought to the laboratory, and the smaller twigs were cut 
off and formed into bunches, which were then stuck into pots to 
simulate the potted plants. These were placed on the revolving 
platform and sprayed in the same way as the plants, except that the 
time of application was lengthened to 45 seconds because of the 
greater quantity of foliage. Table 3 shows the average volume of 
oil found per square centimeter of foliage, listed together with the 
sprays producing the deposit. (See table 1 for composition of these 
sprays.) 

« Dawsey, L. H. the determination of unrefined mineral oils retained by leaf surfaces fol- 
lowing SPRAYING. Unpublished manuscript. 
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Table 3. — Quantities of oil deposited on camphor-tree foliage hy laboratory spiaysy 
showing analyses of duplicate samples for each spray 


Sprays applied June 14, 1932 


Sprays applied Aug. 24, 1932 


la. 


3a. 

lb. 

2b. 

3b. 


Spray no. 


Analysis 

sample 

no 


Volume of oil deposited 
per square centimeter 
of leaf surface at 20® C . 


Volume 

found 




3 

4. 59 

4 

4.22 

15 

4.22 

16 

4 36 

9 

4 20 

10 

4 19 

5 

6 04 

6 

7 26 

17 

6.58 

18 

5. 55 

11 

6 18 

12 

6 12 


Average 

volume 


Ccxm 

4.4 
4 3 

4.2 
6 7 
5.6 

6.2 


Spray no. 


Volume of oil deposited 
per square centimeter 
Analysis leaf surface at 20® C. 
sample 



Volume 

found 


3 

CcXW^ 

4 04 

4 

4 09 

15 

4. 17 

16 

4 04 

9 

3 77 

10 

3 77 

6 

6.74 

6 

5. 69 

17 

5.74 

18 

5 69 

11 

4. 85 

12 

4 79 


Average 

volume 


CcXlO^ 

4.1 

4.1 
3 8 

5.7 
5 7 

4.8 


The deposits produced by sprays la to 3a should be slightly greater 
than those of sprays 4a to 6a, inasmuch as the oil concentration in 
the former was 1 percent while in the latter it was only 0.9 percent. 
This appears generally to be the case for corresponding preparations 
in the sprays applied June 14 and those applied August 24. On the 
other hand, the average oil deposits of the “b’’ sprays, in each series, 
were higher than those of the sprays in the same series, because 
the oil concentrations were much higher. 

The disagreement between deposits from the sprays of equal 
strength, as shown in table 3, is not thought to be due to large errors 
in chemical analyses, since check samples containing known quantities 
of each oil were run simultaneously with the test samples. The lack 
of agreement is more likely to have been caused by nonuniform spray- 
ing of the duplicate tree branches, in spite of the precautions used in 
applying the sprays. A second source of error probably lay in the 
random dijfference in leaf surface as it affected the quantities of oil 
deposited. The question of lack of uniformity in coverage as being 
due to changing oil concentrations in the sprays during application 
was separately investigated for the laboratory sprays applied August 
24. Samples of stock mixtures 4a to 6b (table 2) were placed in the 
reservoir of the spra-y apparatus, and the same volumes of spray 
liquids as were applied to each infested group of camphor plants 
were sprayed from the nozzle and caught in beakers for determina- 
tion of the percentage of oil in each portion. There were six 300-cc 
portions in each case, including the liquid ejected at the beginning 
when the spray tank was full and the liquid at the end when the tank 
was nearly empty. If the oil globules actually had collected toward 
the top of the tank, the first portions of the spray would have been 
lower m oil content than the last portions, since the outlet pipe pro- 
jected to the bottom of the spray reservoir. All tests made in this 
manner showed no change in the percentage of oil in the liquids, 
hence the trouble could not be located at this point. On the contrary, 
the oil-percentage determinations indicated that the quantity of oil 
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in the sprays as they left the nozzle of the apparatus could be con- 
trolled with high precision. 

In preparation for the determination of the oil deposits produced 
by the field sprays, certain portions of each sprayed tree that offered 
the proper degree of infestation had been tagged prior to the spray 
application. Since mortality counts were to be made on these twigs, 
leaves from these twigs and from the immediate vicinity were detached 
after the sprays had dried, and disks 2 cm in diameter were cut 
from them. Duplicate samples of only 150 disks were taken from 
each tree, since the oil deposits on the foliage appeared to be heavy. 
The tagged, infested twigs, upon which the tips and younger shoots 
were left untouched, were left growing on the tree. The quantities 
of oil found m these samples are shown in table 4. Again, in these 
field sprays, differences in samples were found, but they are likewise 
attributed to small errors in analyses or to larger and unavoidable 
discrepancies due to nonuniform spray coverage. 


Table 4 . — Quantities of oil deposited on camphor-tree foliage per square centimeter 
of leaf surface in field sprayingj^ as shown hy analyses of duplicate samples from 
each tree sprayed 


Tree no. 

Spray 7F 

spray 8F 

Spray 9F 

Tree no 

Spray 7F 

Spray 8F 

Spray 9F 

2 

CcXIO® 

/ 9 6 

1 9 8 

/ 10.6 

t 9 0 

r 

CcXlO^ 

CcXfO® 

7 

CcXlO^ 

CcXWs 

10.2 

9 4 

CcXW^ 



{ 


3 

8 




10 2 
9 6 
10.1 
10.6 



( 


4 

10 

9.4 

8 9 






{ 


6 


poo 










1 Each spray contained 2 percent of oil. The soap concentration (normality of soap in the aqueous phase) 
of 24.7X10“^ includes oleates formed with sodium, calcium, magnesium, etc , in the dilution water. 


DETERMINATION OF MORTALITY 

Because of unavoidable delays in securing the proper oils, the 
scales at the time (June 14) of the first laboratory tests were repro- 
ducing by the time they were sprayed. If they had been kept under 
summer temperatures, many of the living scales would have deposited 
all their eggs and died before the mortality counts cQuld have been 
completed, so it was necessary to retard the rate of development by 
subjecting the insects to low temperatures. The sprayed plants were 
placed in a cold room, where they were held at temperatures of 11° 
to 13° C. until the mortality had been determined. Counts were 
started June 29 and completed July 2, 18 days after spraying. 

Earlier tests had shown that even lower temperatures did not cause 
any mortality of camphor scales when kept in the cold room for 3 
weeks. In these preliminary cold-room tests, made earlier in the 
year, infested twigs were taken from camphor-trees in the field, the 
leaves removed, and the twigs (with the cut ends in water) were placed 
in the cold room, which was held at a temperature of 8° to 11° C. 
The natural mortality for one sample of these twigs was deternained 
at the time of cutting, and for tw^o other samples 15 and 21 days 
later. The results are given in table 5. 
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Table 5 . — Proportion of adult scales found alive on sample twigs on different 

dates f 1932 


Date counted 

Period 
in cold 
storage 

Overwinter- 
ing adults 
counted 

Adults 

alive 

Jan 14 - - - 

Days 

0 

15 

21 

Number : 
800 
779 
811 

Percent 

86 S 
84 2 
86 7 

Jan 29 _ -- . - 

Feb 4 - 



No significant, changes in mortality were foimd; in fact, the counts 
made January 14 and February 4 showed imiisually close agreement 
for duplicate samples from the field. 

The coimts were made in the manner described in a previous paper 
(f ), but the methods of analyzing the data differed from those used 



POPULATION DENSITY (PERCENT) 

Fiouke 1,— Survival of camphor scales on potted camphor-tree plants sprayed June 14, 1932, The upper 
curve represents the average survival for the la, and 3a sprays, which contained 1 percent of oil The 
lower curve represents the average survival for the lb, 2b. and 3b sprays, containing 1.7 percent of oil. 
Open circles represent the average survival at diflerent population densities for the l-percent sprays; 
solid circles, the average survival for the 1.7-percent sprays. 

in the earlier work. After determining the natural mortality at each 
population-density interval, the numbers of dead and living scales 
at each density were totaled for the plants sprayed with the same oil 
concentration. Corrections were made for natural mortality, and 
the percentages killed by the sprays estimated. In this way curves 
were obtained (fi^. 1) which represented the average survival for the 
three oils at each oil concentration. Then the number surviving 
each oil was compared with the average survival for the three oils 
at the corresponding concentration, and the deviation from the 
average curve found at each density interval. To illustrate this 
procedime, a sample surama^ is shown in table 6. By taking the 
algebraic sum of the deviations, the differences in survival for the 
three oils were found. These differences were finally expressed as 
percentages of the total number of scales alive before spraying, as 
shown in table 7. 
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Table 6. — Sample summary used in the estimation of relative effectiveness of sprays 
made from oils differing in sulphonatable content 

[The number of scales alive before spraying was obtained by multiplying the total number of scales at 
each population density by the percent alive in the check The number expected to survive was esti- 
mated by multiplying the number alive before spraying by the average rate of survival at the corre- 
sponding density as shown in fig 1 The data given are for spray la, containmg 1 percent of oil] 


Population 

density 

Scales 

alive 

before 

spraying 

Scales 

surviv- 

ing 

Scales 
expected 
to sur- 
vive 

Devia- 

tion 

Population 

density 

Scales 

alive 

before 

spraying 

Scales 
surviv- 
1 ing 

Scales 
expected 
to sur- 
vive 

Devia- 

tion 

5 percent 

16 percent 

25 percent — 
35 percent — 
45 percent--- 

Number 
82 
113 
104 
82 , 
146 1 

Number 

14 

45 
63 

46 
102 

Number 

17 

37 

46 

43 

88 

Number 

-3 

8 

7 

3 

14 

55 percent 

85 percent 

95 percent 

Number 

96 

50 

92 

Number 

57 

31 

73 

Number 

64 

39 

74 

Number 

-7 

-8 

-1 


Table 7 — Comparison of rates of survival of camphor scales on potted camphor- 
tree plants treated with sprays made from oils differing in sulphonatable content; 
sprays applied June 14, 19S2 


Spray no. 

Propor- 
tion of 
oil sul- 
phonat- 
able 

Oil con- 
centra- 
tion m 
spray 

Average 
oil deposit 
per square 
centimeter 
of leaf 
surface 

Plants 

Scales 

alive 

before 

spraying 

Deviation from aver- 
age survival curve 

In scales 
surviv- 
ing 1 

In rate of 
survival 


Percent 

Percent 

CcXlO^ 

Number 

Number 

Number 

Percent 


6 

1.0 

4.4 

6 

765 

+13 

+1. 7 


16 

1.0 

4.3 

6 

504 

+19 

+3.8 


33 

1 0 

4.2 

7 

662 

-18 

-2.7 

lb 

6 

1 7 

6 7 

6 

671 

+2 

+ 3 


16 

1 7 

5 6 

6 

557 

-26 

-4 7 

3b 

33 

1.7 

6.2 

7 

582 

+26 

+4.5 


1 The curves of fig 1 were fitted so as to make the sum of the residuals approximately zero Smce in cal- 
culating the residuals the deviations from the curves were weighted by the square root of the number of 
scales at each density, the sum of the actual deviations as shown m this column will not necessarily be 
zero. 

The methods of counting and analysis of the results of the sprays 
applied August 24 were the same as described for the June 14 sprays. 
Figure 2 shows the average survival curves for each of the two oil 
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Figure 2 —Survival of camphor scales on potted camphor-tree plants sprayed August 24, 1932 The 
upper curve represents the average survival for the 4^ 6a, and da sprays containing 0.9 percent of oil 
The lower curve represents the average survival for the 4b, 6b, and 6b sprays containing 1.5 percent of oil. 
Open circles represent the average survival for the 0.9-percent sprays, solid circles, the average survival 
for the 1.5-percent sprays. 
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concentrations. The deviations from these curves of the survival 
rates for each spray are given in table 8. 


Table 8. — Comparison of rates of survival of camphor scales on potted camphor-tree 
plants treated with sprays, made from oils differing in sulphonatahle content; sprays 
applied Aug. 21^^ 1932 


Spray no 

Propor- 
i tion of 
oil sul- 
phonat- 
able 

Oil con- 
centra- 
tion in 
spray 

Average 
oil deposit 
per square 
centimeter 
of leaf sur- 
face 

Plants 

Scales 

alive 

before 

spraying 

Deviation from aver- 
i age survival curve 

In scales 
surviv- 
ing 

In rate of 
survival 


Percent 

Percent 

CcXlO* 

Number 

Number 

Number 

Percent 


6 

0.9 

4.1 

5 

1 281 

-9 

-3.2 


16 

.9 

4.1 

6 

697 

+6 

+ 9 

6a 

33 

.9 

3.8 

6 

839 

-S 

-1.0 

4b. 

6 

1.6 

5.7 

6 

574 

-42 

-7.3 

5b 

16 

1 5 1 

5 7 

5 

1, 093 

■4-58 

4-5 3 

6b. - 

33 

1 5 

4 8 

6 

829 

-22 

-2 7 


1 Figures for this spray do not include 1 plant which showed only 21 percent dead (natural mortality m 
checks was 11 5 percent) and was inconsistent with the other 5 plants in this group The reason for the 
low kill is unknown. Possibly the plant had a roughened bark instead of the usual smooth green bark. 
On such plants the kiU is always low^er If this plant is included, the 4a spray shows a deviation from 
the average curve of 14 7 percent, the effect, therefore, would be to increase the variability of the results 
but not to indicate a difference due to the sulphonatable portion of the oil 

At the time the field sprays were applied the living overwintering 
scales were all adults, about 95 percent being in the pink and gravid 
stages. In making the counts from the field material the dead adults 
of the older broods and those attacked by predators or fungous 
diseases were classified separately. They were used in estimating 
the population density, but were then eliminated from further cal- 
culations. The proportion of dead immature scales was negligible, 
and such scales were not included in the counts. 

Immediately before applying the sprays, infested branches were 
cut from the trees to be sprayed and the natural mortality was 
determined. No systematic variations in the proportion of dead 
scales were found throughout the rows. Counts were also made on 
branches of the check trees at intervals until the spray counts were 
completed, and no changes in the natmal mortality were found during 
this time; accordingly, all the check counts were averaged to find the 
natural mortality at each population density. The proportion of 
dead scales in the unsprayed branches increased from 3 percent, 
when 5 percent of the twig area was covered by scales, to 8 percent 
when the population density was 95 percent. 

From^ the natural mortality curve the number of scales estimated 
to be alive before spraying was found for each of the sprayed twigs, 
and from the number actually found alive the survival was calculated 
as a percentage of the number of scales alive before the application. 
The survival percentages are given in table 9 and are shown graphically 
in figure 3. 
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Table 9 —Comparison of the rates of survival of camphor scales (at different 
population densities) on camphor-trees in Metairie Cemetery^ after treatment^ 
Nov. 22, 1932, with sprays 7F, 8F, and 9F, made from oils containing different 
proportions of sulphonatahle compounds, together with data concerning quantities 
of oil deposited on leaves and some of the properties of the oils used 

SPRAYS USED 


Spray no i 

Oil used 

Saybolt 
viscosity 
of oil at 
100® F. 

Proportion 
of oil vola- 
tilized 
(24 hours 
at 100® F ) 

Specific ! 
gravity ' 
of oil at 
68® F. i 

1 Proportion 
of oil sul- 
phonatable 

Average 
volume of 
oil depos- 
ited per 
square cen- 
timeter of 
leaf surface 

7r - 

WR 

Seconds 

94 9 
97 8 
101 9 

Percent 

1.44 

1 42 

1 59 

0 8512 
8679 
.8846 

Percent 

6 

16 

33 

CcXlO^ 
9.7 
9 5 
10 1 

8F 

WR/L-1778 

9F . 

L-1778 




RESULTS WITH VARIOUS SPRAYS 


Population density 
(percentage of 
twig area covered 
by scales) 

Checks 

Spray 7F 

Spray SF 

Spray 9F 

Scales 

alive 

before 

spraying 

Survival 

Scales 

alive 

before 

spraying 

Survival 

Scales 

alive 

before 

spraying 

Corrected 

survival 

Seales 

alive 

before 

spraying 

Corrected 

survival 


Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

0-10 

501 

96.9 

299 

20 7 

I 282 

43.6 

253 

21.3 

10-20 

1,008 

96.1 

673 

32.2 

1 785 

46 4 

843 

33 3 

20-30 

1, 336 

95.8 

736 

49 5 

900 

54 9 

1,129 

47 1 

30-40 -I 

1,068 

95.6 

831 

62.2 

' 938 

65.6 

811 

49.9 

40-50 - 

800 

94.9 

632 

57.8 

680 

75.9 

1 914 

62.7 

50-^0 

918 

94.6 

410 

78 0 

408 i 

76.2 

i 827 

57 6 

60-70... - 

642 

94 0 

272 

71.7 

I 339 i 

92 0 

585 

72 0 

70-80 ; 

390 

90 9 

216 

70.4 

193 

81.3 

236 

68.6 

80-90 

298 

93 4 

149 

71 1 

92 

1 100. 0 

329 

74.2 

90-100 

361 

91.6 

133 

58.6 

42 

81 0 

367 

73.1 


1 Each spray contained 2 percent of oil to 98 percent of soap solution which was 24.6X10 normal in soaps. 
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Figure 3.— Survival of camphor scales from oil ^rays applied to camphor-trees. The lower curve repre- 
sents the average survival for sprays 7P (WR oil) and 9F (L-1778 oil); the upper curve, the survival 
for spray 8P (containing a mixture of the two oils) Crosses repr^ent survival from the WR oil spray, 
open circles, survive from the L-1,778 oil spray; and solid circles, survival from the spray of the two ous 
mixed. Each spray contained 2 percent of oil 

75124 — 36 5 
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From the curves of figure 3 it may be seen that the values at each 
density for the 7F and 9F sprays fell so close together that they could 
be fitted by one curve. The oils used in these sprays represented the 
two extremes in sulphonatable content. The survival from the SF 
spray was uniformly higher over the entire range of population 
density. This oil was a mixture of the two other oils, and therefore 
intermediate in its properties. The average oil deposit from this 
spray was sfightly lo’wer than from the others, but the difference, 
although it may have been a contributing factor, was hardly sufficient 
to account for all of the difference in scale mortality. Other possible 
reasons might be differences in the texture of the bark, or niore foliage 
on trees 4 and 7 to hinder the oil from reaching the twig surfaces 
where the scales were located. 

DISCUSSION OF RESULTS 

From the curves shown in figm'es 1 and 2 it was found that the 
average survival for the laboratory sprays contaimng 0.9 percent of 
oil ranged from 29 percent at a population density of 5 percent to 90 
percent at a population density of 75 percent, and for the spray with 
1.5 percent of oil, from 15 to- 67 percent at the same population den- 
sities ; for the 1-percent spray the survival ranged from 21 to 80 percent 
within the population density limits of 5 to 95 percent, and for the 
1.7-percent spray, from 9 to 59 percent within the same limits. In 
the field sprays, wdien 2 percent of oil was used, the two oils of 6- 
percent and 33-percent sulphonatable content killed practically the 
same proportion of scales, the survival ranging from 25 to 78 percent 
over the entire population-density range, while for the oil containing 
16 percent sulphonatable material the survival was 36 to 96 percent 
(fig. 3). The oil deposit on the leaves was considerably greater in 
the field applications, and it appears probable that a larger proportion 
of the oil was deposited on the foliage relative to that deposited on the 
twdgs, by the field sprays than by the laboratory sprays. 

The data given in tables 7 and 8 show no systematic differences in 
the laboratory tests which could be attributed to the sulphonatable 
portions of the oils used. In table 8, sprays 5a and 5b, in which the 
oil used was intermediate in its sulphonatable content, show slightly 
higher rates of survival than the other sprays in their respective 
groups. Otherwise the differences in the oil deposit and insect 
mortality appeared to be entirely random and well within the limits 
of variation ordinarily encountered in the effects of sprays where a 
comparatively low mortality is obtained. The results of the field 
sprays (table 9 and fig. 3) agree ■with those of the laboratory sprays 
in f^ing to show any differences in insecticidal efficiency resulting 
from differences in the sulphonatable portion of the oils. In all of 
these tests, therefore, no evidence was found that the sulphonatable 
portions of the oils had any effect upon the insecticidal action when 
the other physical and chemical properties of the sprays were uniform. 

EFFECT OF OILS UPON PLANTS 

Little concerning the relation between plant injury and refinement 
of the oil can be deduced from the laboratory spray tests, since small 
potted camphor- tree plants with few leaves and a heavy scale infesta- 
tion may be much more easily injured than trees in the field. Of the 
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trees to which the field sprays were applied, only the two (nos. 8 and 
10) sprayed with the oil containing 33-percent sulphonatable material 
exliibited any appreciable injury. On February 1 these had lost 75 
to 80 percent of their leaves, wdiereas none of the others had had more 
than a lO-percent leaf drop. Freezing w^eather (20^ F.) occurred on 
February 9, and on March 10 tree 10 was completely defoliated and 
tree S had only a few new leaves at the top. However, one of the 
trees sprayed with the mixed oil and one of the check trees had very 
few leaves also. The other trees were apparently normal. Other 
unsprayed trees throughout the city showed great variation in their 
resistance to the low temperature, and it is not known how much of 
the injury in the sprayed plot can be ascribed to increased suscepti- 
bility resulting from the oil sprays. However, the fact that trees 
8 and 10 had by far the greater leaf drop before the freeze may indicate 
that under normal conditions the less refined oils are more toxic to 
camphor- trees. 

SUMMARY 

The comparative insecticidal value of three petroleum oils with 
6, 16, and S3 percent by volume, respectively, of sulphonatable 
material was investigated in laboratory and field spraying tests. The 
oils were applied, in the form of emulsions containing from^ 0.9 to 
2 percent of oil, sodiimi oleate soap being used as the emulsifier, to 
camphor-tree plants and trees infested with the camphor scale 
(Pseudaonidia duplex (Ckll.)). The other characteristics of the 
different oils were substantially the same, so that any detectable 
differences in scale mortahty could be duo only to differences in the 
sulphonatable portions. 

When sprays which gave equal oil deposits were compared, the 
variations in mortality appeared to be entirely random, and no dif- 
ferences were found which could be attributed to the sulphonatable 
content of the oils. 

For making comparisons between the toxici ties of different oils, 
the first condition it was sought to satisfy was that of obtaining 
equal oil deposits on the plants. Analyses of the oil deposits left 
by sprays showed that substantially equivalent deposits were obtained 
when equal concentrations of the different oils were applied. In the 
laboratory tests the oil deposits produced were independent of the 
sulphonatable content of the oil but varied directly with the oil 
content of the spray, ranging from 3.8 XI O'"® cc per square centi- 
meter of leaf surface for a 0.9-percent emulsion to 6.7X10“® cc per 
square centimeter for a 1.7-percent emulsion. In the field spraying 
with emulsions containing 2 percent of oil the deposits ranged from 
9.5X10“® cc to 10.1 XIO”® cc per square centimeter of leaf surface. 

The average survival for the laboratory sprays containing 0.9 
percent of oil ranged from 29 percent at a population density of 5 to 
90 percent at a population density of 75 percent, and for the 1.5- 
peroent sprays, from 15 to 67 percent at the same densities; for the 
1-percent sprays, from 21 to 80 percent at densities of 5 to 95 percent; 
and for the 1.7-percent sprays, from 9 to 59 percent within the same 
density limits. In the field sprays, where 2-peTcent emulsions were 
used, the two oils containing 6 and 33 percent of sulphonatable 
material, respectively, killed the same proportion of scales, the sur- 



878 


Journal of Agricultural Research 


Vol, 52, no 11 


vival ranging from 25 to 78 percent over the entire population- 
density range, while for an oil containing 16 percent of sulphonat- 
able material the survival was from 36 to 96 percent. 

No conclusion as to the effects of the oils on potted plants was 
practicable, inasmuch as such results would not be typical of reactions 
under field conditions; however, in the field tests the trees sprayed 
with 2-percent emulsions made with oil containing 33 percent of 
siilphonatable material showed a 75- to 80-percent leaf drop when 
observed 10 weeks after the spraying date. Trees sprayed with oils 
of lower sulphonatable content had a maximiun leaf drop of less than 
10 percent. 
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TRANSMISSION OP SUGARCANE MOSAIC BY THE RUSTY 
PLUM APHID, HYSTERONEURA SETARIAE ‘ 

By J. W. Ingram, etiiomologist, Diviszon of Cereal and Forage Insect Invesiiga- 
tio7iSj Bureau of Entomology and Plant Quarantine, and E. M. Summers, assistant 
pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
United States Department of Agriculture ^ 

INTRODUCTION 

The spread of mosaic to supposedly resistant varieties of sugar- 
cane such as Co. 281 and C. P. 807 during recent years, and the 
demonstration of the existence of various strains of the mosaic virus ^ 
have made evident the need for a detailed study of mosaic spread in 
Louisiana. This study includes not only the determination of 
general and specific factors in epidemiology, but a survey for possible 
additional vectors, Brandes,'^ in 1920, reported experiments show- 
ing that sugarcane mosaic was transferred by the corn leaf aphid 
(Aphis maidis Fitch). In this paper Brandes stated that the suc- 
cessful experiments with the corn aphis were of great interest scien- 
tifically, but added that it was ^^not believed that transmission of 
mosaic is restricted to this insect or to other aphids more abundant 
on cane.’^ Brandes’ findings concerning A. maidis were confirmed 
by other investigators. Despite attempts, by Brandes and later 
workers, at transmission with other insects, A. maidis has until 
recently remained the sole proved vector of sugarcane mosaic. 

In 1930 the senior author began a study of the abundance of Aphis 
maidis in and around sugarcane fields to determine its relationship 
to the spread of mosaic in Louisiana. At the same time counts were 
made of other sucking insects found in such locations. Preliminary 
surveys showed that the rusty plum aphid (Hysteroneura setariae 
(Thomas)) was the most abundant of all aphids found on sugarcane 
in Louisiana. In view of its abundance and the fact that it had not 
previously been tried as a vector in the United States, transmission 
experiments were undertaken. This paper summarizes preliminary 
experiments showing that this aphid can transmit the mosaic of 
sugarcane. 

GEOGRAPHIC DISTRIBUTION AND HABITS OF THE RUSTY PLUM 

APHID 

Under the name of the rusty, or rusty-brown, plum aphid, Hyste- 
rone^ira setariae apparently is distributed on plums, with grasses as 
alternate hosts, throughout most of the United States. Van Dine ^ 

1 Received for publication Feb. 19, 1936: issued July 1936 
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states that it is generally distributed on sugarcane in Cuba, and 
Wolcott ^ reports its presence in Puerto Rico. The aphid has been 
generally found feeding on sugarcane and on other grasses m southern 
Louisiana. It has also been found feeding on plum twigs in this 
section, but plum trees are relatively rare around sugarcane fields. 
The rusty plum aphid feeds on grasses throughout the year in south- 
ern Louisiana. Following the low temperatures of the winter of 
1934-35, a few individuals were found at all times feeding on perennial 
Andropogon sp. along cane-field ditchbanks. 

On sugarcane these aphids are generally found on the collar lobe 
at the junction of the leaf blade and sheath, but sometimes also in 
the central whorl or on other parts of the plant. They are usually 
attended by ants that often form a protective dirt or borer-frass 
covering over them. They have been found on a large number of 
grasses that are common in and around cane fields, and some of 
these are also hosts of sugarcane mosaic. On the larger grasses the 
aphids are usually found feeding in the same positions as on cane; 
but on the smaller grasses, such as Setaria lutescens and Eleusine 
mdica^ they have been observed in all positions along the stem and 
even on the glumes. 

The relationship of the rusty plum aphid to mosaic spread appar- 
ently has not been studied except by Loftin and Christenson ^ who, 
working in Cuba, reported the transfer of 10 to 60 Hysteroneura 
setariae from mosaic-infected sugarcane plants to each of 28 healthy 
plants of the susceptible varieties Cristalina and P. 0. J. 2883. No 
mosaic appeared on any of these 28 plants. 


EARLY EXPERIMENTAL WORK IN WHICH CAGES WERE USED 


Because of very limited greenhouse space, a succession of experi- 
ments in small cages or other enclosures was first undertaken in which 
large numbers of aphids were simply colonized on mosaic-infected 
plants and left to find their way later to the authentic healthy plants 
placed alongside in the same cage. 

A preliminary experiment was conducted in 1933 in wliich, under 
each of 14 lantern globes, one healthy and one infected plant, both of 
the variety P. O. J. 234, were caged together. Eighty indhdduals of 
Hystero'mura setariae were released in each of 5 of the globes, 40 Aphis 
raaidis in each of 5, and 4 globes were held as checks. One new 
mosaic-infected plant developed in one of the globes confining H. 
setarim, two in those with A. maidis, and none in the checks. This 
experiment was conducted in an insect-proof greenhouse on ant-proof 
benches. The plants used were grown in sterile soil, and the healthy 
plants were from seed pieces that had been observed to be healthy 
for at least two vegetative generations. 

Since this preliminary experiment incriminated Hysteroneura 
setariae as a possible vector, further experiments were instituted. The 
condensation of moisture and the high temperature in the lantern 
globes caused a heavy mortality of aphids. Additional experiments 
were, therefore, conducted in 3- by 4- by 4-foot, insect-proof, cloth 
cages, having small sliding glass doors through which observations 


a Wolcott, G, N the minor sugar-cane insects of porto rico. Jour Dept Agr. Porto Eico. v 5, 
no. 2, 47 pp , illus 1921 » v , , 

-pj ^ REPORT ON THE CORN APHIS, APHIS MAIDIS FITCH, IN CUBA. 

Fourth Cong Internatl. Sugar Cane Technol Proc, and Bull. 116, 20 pp„ illus 1933. 
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were made. These cages were placed on ant-proof benches in an 
insect-proof greenhouse. As in the preceding experiment, the healthy 
seed cane had a mosaic-free record for at least two vegetative genera- 
tions, and the plants were grown in sterile soil. Experiments con- 
ducted were as follows; 

EXPERIMENT 1 

On December 16, 1933, 18 healthy P. O. J. 234 cane plants were 
caged with 6 mosaic-infected Louisiana Purple plants. These plants 
were 4 to 8 inches in height and were all growing in 4-inch paper pots. 
A total of 750 Hysteroneura setarme collected from mosaic-free 
Andropogon sp. were released on the infected plants in the cage. On 
December 18 it was found that nearly all of the aphids had died as a 
result of having been parasitized. No mosaic had developed on the 
18 plants by January 30, when the experiment was discontinued. 

EXPERIMENT 2 

Six mosaic-infected P. O. J. 36M plants in 5-gailon galvanized-iron 
cans and 10 healthy Louisiana Purple plants in 4-inch paper pots were 
caged together. These plants were all from 4 to 8 inches in height. 
In January 1934, 850 Hysteroneura setariae, collected from healthy 
Andropogon sp., were released on the infected plants in the cage. 
None of the healthy plants had developed mosaic at the time the 
experiment was discontinued in May 1934. 

EXPERIMENT 3 

Six infected P. O. J. 36M and fifteen healthy Louisiana Purple plants 
were caged together. On April 19 and 20, 1934, 750 Hysteroneura 
setariae, collected from healthy Andropogon sp., were released on the 
infected plants in the cage. One of the initially healthy plants 
showed mosaic on June 6, and two additional ones showed weU-defined 
symptoms on July 6. Other healthy cane plants of the same age and 
source in the greenhouse remained free from the disease. 

EXPERIMENT 4 

Three mosaic-infected and four healthy P. O. J. 234 plants were 
transplanted together in can no. 1, and three infected and five healthy 
plants of the same variety were transplanted in can no. 2. These two 
cans were caged together and 600 Hysteroneura setariae, collected 
from healthy wild grasses, were released in the cage on August 24, 
1934, In a second similar cage to be used as a check, three mosaic- 
infected and five healthy P. O. J, 234 plants were transplanted to 
can no. 3, and two infected and four healthy plants were transplanted 
to can no. 4. The healthy and mosaic plants in each of the four cans 
were separated by an 18-mesh wire screen from the bottom of the 
cans to about 4 inches above the surface of the soil. The purpose of 
this separation was to minimize any possibility of mosaic transfer by 
contact and to prevent mosaic-infected suckers from ermerging on the 
side where the healthy cane was planted. The cans used were of the 
5-gallon galvanized-iron type. The plants were about 4 to 8 inches 
in height when the experiment was started. Three of the initially 
healthy plants in the aphid-infested cage had developed mosaic by 
September 30, a fourth by October 6, and a fifth by October 30. No 
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healthy control plants developed mosaic. Therefore, in this test 
five out of nine initially healthy plants in the infested cage contracted 
mosaic. 

EXPERIMENT 5 

Four healthy P. 0. J. 36M plants were grown in each of sixteen 5- 
gallon cans in the greenhouse. On September 25, 1934, when these 
plants had reached a height of 12 inches, two cans were caged in each 
of eight insect-proof cloth and glass cages. These cages were 15 by 
28 by 29 inches. In five of the cages 25 Hysteroneura setariae 
collected from mosaic -infected plants m the field were placed on each 
plant by means of a cameFs-hair brush. Three cages were held as 
checks. None of the plants developed mosaic.^ This possibly may 
have been due to the large size and lack of vigor in the infested plants. 

EXPERIMENT 6 

One can containing four healthy P. O. J. 234 plants and another 
containing four infected Co. 281 plants were placed in each of six cages 
of the same type as used in experiment 5. The plants were from 4 to 
10 inches tall. Six hundred Hysteroneura setariae were collected 
from healthy Andropogon sp. and released in each of three cages on 
January 30 and 31 and February 2, 1935. On February 12, 600 Aphis 
maidis collected from Sorghum halepense were released in a fourth cage. 
Cages 5 and 6 were held as checks. All cages were fumigated on 
March 7 and removed from the plants. At the time the healthy 
plants were discarded on May 2, no plant had developed mosaic. 

It is believed that, in the six experiments listed above, the incidence 
of mosaic in the infested healthy plants was greatly lessened because 
the plants were covered by the cages for such long periods that their 
growth was usually retarded. For this reason they were probably less 
susceptible to the mosaic virus than succulent, vigorously growing 
young plants would have been. In all cages in which the aphids had 
been released, they were observed in the process of feeding to some 
extent on the sugarcane plants. Information on aphid activity in the 
cages is limited, owing to the difiBculty of making observations in this 
type of cage. As is the case in the field, most of me rusty plum aphids 
fed on the collar lobe where the leaf sheath and blade join. It may be 
Aat the possibility of transfer by feeding on these tissues, especially 
in such slow-growing plants, is less than where feeding is done on more 
succulent tissues such as the leaf spindle. In all seven experiments, 
9 of 109 healthy plants infested with Hysteroneura setariae from 
infected plants developed mosaic, and 2 of 9 plants similarly infested 
with Aphis maidis developed symptoms. None of the checks gave 
evidence of the disease, nor did any mosaic appear in other hem thy 
plants froin the same source that were growing in the greenhouse at 
the same time. 

EXPERIMENTS IN WHICH GLASS TUBES WERE USED 

In an attempt to increase the percentage of transfers by modifica- 
tions in technique, aphids were confined for 24 hours on mosaic-infected 
plants in glass tubes one-half inch in diameter and 7 inches in length. 
The ones remaining alive were then transferred by means of a cameFs- 
hair brush to healthy plants, where they also were confined in glass 
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tubes. The technique employed consisted of slipping a tube over the 
growing point of a plant and closing the lower end by packing cotton 
between the glass and the plant. Aphids were then placed on the 
plant, and the upper end of the tube was closed with cotton. In 
most instances the growing point did not extend to the upper end of the 
tube, and, of course, even the first collar lobe was excluded, and this 
situation forced the aphids to feed on other parts of the leaves. The 
aphids used were collected from mosaic-free grass plants in the field. 
Twenty to thirty aphids were released on each mosaic-infected plant, 
various susceptible varieties being employed, but the number remain- 
ing alive for transfer to healthy plants ranged from 2 to 25, with an 
average of about 12. Many of the aphids stuck to the sides of the 
tubes where moisture had condensed, and were incapacitated. The 
plants used in this series of experiments were from 5 to 6 inches in 
height and had been grown from cuttings planted in sterile soil in 4- 
inch clay pots. The mosaic-free cuttings were from commercial 
canes of susceptible varieties having a history of at least two loiown 
healthy vegetative generations. The infected plants upon which the 
aphids were confin^ were similar varieties of various known mosaic 
histories, in many cases the ^^strain^^ of virus involved having been 
previously determined. 

During the course of each experiment the healthy plants with their 
attached tubes were confined in the 18-inch cages, previously 
described, up to the time when they were fumigated, usually after 6 to 
9 days. The experiments were conducted in an insect-proof green- 
house on ant-proof benches. Following fumigation, the tested plants 
were held for from 60 to 150 days to ascertain definitely whether or 
not they had contracted the disease. The results of these experiments 
are given in table 1 . 


Table 1. — Summary of mosaic-transm'* ssion attempts with 2 species of aphids, 
glass tubes being used for confining the insects on the plants 


Si)ecies of aphid 

^ Transfer of aphids 

Experi- 
ments i 
con- 
ducted 

Healthy 

plants 

used 

Plants 

develop- 

ing 

mosaic 

Date 

Source 

HyBterontura setariae ^ , 

Aphis rmidis 

Checks (no aphids) . .. 

INov 19, 1934, to May 2, 

1936 

iMayd, 1935 i 

Mar. 1, 1935 

/Apr, 6 to May 2, 1936. . . 
\May 6, 1936 i 

/Mosaic sugarcane ' 

iHealthy sugarcane . . . 
Mosaic sugarcane.,,.. . 
Mosaic sugarcane. ..... 

Number 
15 
' 4 

2 

1 

6 

1 

Number 

56 

12 

6 

3 i 
1 

Number 

2 

0 

0 

1 

0 

0 




1 Silk bags, inch in diameter, substituted for glass tubes. 


Summarizing the experiments in table 1, it is seen that 2 cases of 
mosaic developed among a total of 62 plants that had been exposed to 
presumably viruliferous Hysteroneura setariae^ and that there was 1 
case among 3 plants infested by supposedly viruliferous Aphis 
rmidis. The two transfers by H. setariae were obtained in an experi- 
ment in which 25 aphids were transferred from Louisiana Purple, 
infected with virus strain 2, on May 2, 1935, to each of 10 plants of 
healthy P. 0. J. 213. The single transfer by A. rmidis was the result 
■ of transferring 14 aphids which had been feeding on Mosaic Co, 281 
(strain not determined) on Marrh 1, 1935, to each of three healthy 
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P. O. J. 234 plants. No evidence of mosaic appeared in the checks in 
any of these expeiimeiits, or in other healthy plants from the same 
source that were growing in the greenhouse at the saine time. No 
uncaged aphids were ever found in the greenhouse, which was fumi- 
gated periodically. 

The plants in these experiments were allowed to remain in small 
pots, where they made poor growth owing to^ lack of root space and 
difficulty in getting the proper amount of moisture. This may have 
been responsible for the small number of mosaic transfers. 

EXPERIMENTS IN 1935 IN WHICH LARGE CAGES WERE USED 

Since it is well known that the expression of mosaic symptoms 
following infection depends upon fmdher growth and unrolling of new 
leaves, transmission experiments were undertaken in which the plants 
employed were kept continuously vigorous. This was accomplished 
by transplanting them either to flats or beds in the greenhouse and 
giving them a fairly heavy nitrate fertilization. It was thought that 
shortening the feeding period of the aphids on the healthy plants to 
about 8 days and subsequently forcing the plants might increase the 
percentage of successful transfers with Hysteroneura setariae.^ A new 
series of experiments was, therefore, started in May 1935, in which 
pedigreed healthy plants growing in 4-inch pots of sterilized soil were 
transplanted to 14- by 24- by 6-inch flats of sterile soil after 8 days^ 
exposure to viruliferous aphids. The flats were then fertilized and 
kept under the most favorable growing conditions possible. 

In each of these experiments seven mosaic-infected plants were 
placed- in insect-proof glass and cloth cages on ant-proof benches in 
the insec tary. Thirty apliids collected from healthy grasses were 
placed on each plant with a camePs-hair brush. About 4 hours later 
eight healthy plants were placed in the cages alternating in position 
with the infected plants. Twenty-four hours later aphids were 
transferred from the infected plants to these healthy plants with a 
camePs-hair brush. To each healthy plant were transferred about 
20 aphids which included a few that had in some instances moved 
from the diseased to the healthy plants prior to the transfers. They 
were allowed to feed for several days, after which all cages were 
fumigated. Check plants were given an exactly similar treatment 
except for the absence of aphids in the cages. Immediately following 
fumigation the plants with the surrounding soil were removed from 
the pots and transplanted to flats in the greenhouse, where they 
remamed^ on ant-proof benches until discarded. Although regular 
examination were made, no aphids of any land were ever found in 
the greenhouse. 

As in previous experiments, the plants used were all of varieties 
known to be susceptible to mosaic. Known strains of the virus were 
used., whenever available, as a mosaic source, and field-run mosaic 
cuttings were used at other times. The cages employed in these 
e^eriments were 15 by 28 by 49 inches high and 16 by 30 by 33 inches 
high. All cages used in any given experiment were of the same size. 

The results of this series of experiments are shown in table 2. In 
the transfer occumng m experment H-1 the aphids had previously 
fed on Louisiana Purple plants infected with strain no. 1 of the mosaic 
virus, and in H-5 and H-e they were from strain no, 2 mosaic infecting 



June 1 , 1936 Tranf<mission of Sugarcane Alosaic by Rusty Plum A^hid 885 


C. P. 28/60. The aphids bringing about the remaining successful 
transmissions of the disease had fed on P. O. J. 234 infected also with 
strain no. 2 of the virus. It may be noted that out of 248 plants 
exposed, a total of 13 transfers of mosaic to originally healthy cane 
plants was secui*ed in the cages in which Hysteroneura setariae was 
used as the vector. Of 60 healthy plants similarly infested with 
Aphis maidis^ 14 developed mosaic. No transfers were observed in 
68 check plants or in any plants of similar oiigin grovdng in the green-^ 
house in other experiments. 

Table 2. — Siitnmarij of mosaic-transmission trials with 2 species of aphids in 

large cages in 1935 


Experi- 

ment 

no. 

Date of— 



Plants used 

Transfers 

Period 




Cages 

used 



of mosaic 
to healthy 
plants 

since 

first 

exposure 

Infla- 

tion 

Termi- 

nation 

Aphid species used 

Mosaic 

Healthy 





Num- 

Num- 








her 

her 

Number 

Number 

Days 




[Hysteroneura setariae.. 

2 

12 

n 

0 

H-1 

May IS 

July 27 

\Aphis maidis 

1 

3 

3 

1 

23 


[Check 

1 

3 

3 

U 

H-2 

May 22 

July 27 


1 

6 


0 



1 

6 

6 

5 

0 

0 



Maj. S 

July 31 

setariae.. 

3 


\Check - 












n. setariae. 

4 

29 

32 

0 


H-4 

Maj 31 

Aug 8 

\ Aphis maidis 

1 

7 

S 

0 



Cheek 

1 

7 

8 

0 





H. setariae 

6 

42 

38 

3 

15, 27,39 

H-5 

June 14 

Sept 2 

\ Aphis maidis 

1 

7 

6 

2 

16,18 


Check-. - 

1 

7 

4 

0 




/■/. setariae 

3 

9 

4 

0 


H-6 

June 11 

Sept 11 

{Aphis maidis 

2 

6 

6 

1 

35 


Check 

2 

6 

4 

0 




\H. setariae 

4 

28 

31 

3 

21, 29, 30 

H-8 

July 10 

Sept 11 

{AphAs maidis — 

1 

7 

8 

0 


Check- 

1 

7 

8 

0 





11. setariae - 

5 

36 

38 

0 


H-9 

Jul> 12 

Sept. 11 

■ A, maidis... 

1 

7 

8 

0 



Check- 

1 

7 

8 

0 





(//. setariae - - 

4 

28 

30 

3 

16, 36,45 
f 16, 15, 16 
{ 21,21 

H-10 

July 22 

Sept. 22 

< A. maidis 

1 

7 

6 

5 


Check 

1 

7 

8 

0 






II, setanae 

3 

21 

24 

3 

17, 20, 37 

H“ll 

July 23 

Sept. 23 

\a. maidis 

1 

7 

8 

5 

2-17, 3-26 


Check - - 

1 

7 

8 

0 




11. setanae.. 

4 

28 

30 

1 

30 

E-12, 

Aug r 

Oct 7 

<A. maidis - 

1 

7 

8 

0 



Check- 

1 

7 

8 

0 










MISCELLANEOUS TRANSFER EXPERIMENTS 

In August 1935, in an experiment similar to those listed in table 2, 
one of nine healthy C. P. 28/60 sugarcane plants developed mosiac 
following the release of 30 Aphis maidis per plant from mosaic-in- 
fected Panicum dichotomifiorum. None of six plants developed 
mosaic when similarly infested by Hysteroneura setariae. 

The senior author foxmd the green bug, or spring grain aphid 
{Toxoftera graminum Rond.), feeding on sugarcane in about equal 
numbers with Aphis maidis in some fields in 1934. In March 1935, 
25 T. graminum collected from Sorghum halepense were confined in 
glass tubes on the whorls of each of three mosaic-infected Co. 281 
cane plants for 24 hours. The surviving aphids were then transferred 
to whorls of three healthy P. O. J. 234 plants, where they were enclosed 
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in glass tubes for 24 hours and then fumigated. One mosaic transfer 
occurred, but there were no transfers in the four check plants in this 
experiment or in similar check plants in other experiments conducted 
at the same time. 

In June 1935 an experiment similar to those listed in table 2 was 
started in which 30 Toxoptera graminum per plant were used as 
vectors checked against Aphis jnaidis. There was 1 mosaic transfer 
in 25 healthy C. P. 28/60 plants where T. graminum was transferred 
from mosaic C. P. 28/60, strain no. 2. No mosaic appeared in eight 
healthy plants to which A. maidis was transferred or in eight check 
plants without aphids. These two transfers suggest that T, grami- 
num may be a vector of sugarcane mosaic, but additional experiments 
are necessary to prove this. This aphid often feeds in the whorls of 
sugarcane plants in the same manner as does A. maidis, for which, 
owing to its green color, it has no doubt often been mistaken. 

Negative results have been obtained from transferring the following 
insects from mosaic-diseased sugarcane plants to healthy plants in 
the indicated number of cases: The yellow sugarcane aphid (Sipha 
jiava Forbes), 8; the sharp-nosed grain leafbopper (Draeculacephala 
mollipes (Say)), 102; the fulgorid Sogata furcifera Horv., 5; and 
Haplothrips graminis Hood, 17. 

DISCUSSION AND CONCLUSIONS 

Results from the experiments reported here show that Hysteroneura 
setariae is a vector of sugarcane mosaic. From table 2 it is calculated 
that 5.2 percent of the healthy plants developed mosaic when infested 
with viruliferous H. setariae, and 23.3 percent developed mosaic when 
infested with Aphis maidis. These limited data mdicate that A. 
maidis is several times more efficient than H. setariae as a vector of 
mosaic. 

In ail these experiments a higher percentage of transmission might 
have been ob tamed with more adequate equipment which would 
have promoted faster plant growth and consequent expression of 
symptoms and which would have given more suitable conditions for 
aphid feeding and multiplication. In spite of improved conditions 
for the growth of experimental plants reported on in table 2, the 
incubation periods for both vectors are unusually long. Furthermore, 
the time required for the appearance of symptoms is seen in the table 
to have been somewhat longer in most instances for Hysteroneura 
setariae than for Aphis maidis. While the differences may have been 
purely accidental, m view of the small number of direct comparisons, 
nevertheless a longer incubation period for H. setariae might be antic- 
ipated since it generally feeds on the collar lobe, which is, of course, 
less directly connected with the growing point than the young leaf 
whorl where A. maidis feeds. 

Proof of mosaic transfer by the rusty plum aphid further compli- 
cates the problem of combatmg mosaic spread in sugarcane. While 
sugarcane is a natural host for Aphis maidis in Louisiana for only a 
short period in the winter and early in the spring, when other host 
material is unavailable or scarce, it is one of the preferred hosts of 
Hysteroneura setariae throughout the year. Furthermore, as already 
mentioned, several grasses bordering cane fields are also acceptable 
hosts of H. setariae. Its role as a vector probably explains several 
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specific instances of mosaic spread in early summer when frequent 
inspections showed the entire absence of A. maidis, and therefore the 
abundance of new infections could not be ascribed to this well-known 
vector. 

It seems possible that Toxoptera graminum may also prove to be 
a vector of mosaic, as indicated by two successful transmissions in 
these experiments. Tliis would be favored by its habit of frequently 
feeding in the central whorl of the cane plant. 

SUMMARY 

Until 1933 the corn leaf aphid {^Aphis maidis) had been the only 
proved vector of sugarcane mosaic, but preliminary experiments in 
that year showed that the rusty plum apliid (Hysteroneura setariae) 
was also capable of transmitting the disease. 

The rusty plum aphid is generally distributed on plums throughout 
most of the United States, with grasses as alternate hosts. On 
sugarcane plants it usually feeds at the collar lobe at the j unction “^of 
the leaf blade and the sheath. 

A series of experiments showed that out of 109 healthy plants 
infested with Hysteroneura setariae taken from infected plants, 9 
developed the mosaic disease, while 2 out of 9 plants similarly infested 
with Aphis maidis developed symptoms of the disease. A second 
series of experiments gave 2 transmissions out of 62 exposures with 
H. setariae and 1 out of 3 with A. maidis. Another series showed 13 
transmissions out of 248 exposures with IT. setariae and 14 out of 60 
with A. maidis. Two transfers of the mosaic were made by the 
feeding of the green bug {Toxoptera graminum) after the exposure of 
28 healthy plants. 

Although not so effective as Aphis maidis in transmitting the 
mosaic, Hysteroneura setariae is present and feeding on the cane 
throughout the year, whereas the former is present only in the 
winter and early in the spring. 




THE COMPOSITION AND DIGESTIBILITY OF MUNG- 
BEAN SILAGE, WITH OBSERVATIONS ON THE SILICA- 
RATIO PROCEDURE FOR STUDYING DIGESTIBILITY ^ 

By Willis D. Gallup, assistant cheinist. Department of Agricultural Chemistry 
Research^ and A. H. Kuhlman, dairy^ husbandman^ Department of Dairying, 
Oklahoma Agricultural Experiment Station 

INTRODUCTION 

Bergeini (S) ^ in 1926 employed a modified procedure for determining 
the apparent digestibility of food. The method consists of .the addi- 
tion to the food of known amounts of non oxide or other suitable 
substance which is eliminated with practical completeness in the 
feces. The digestibility of any food substance is determined from 
the ratio of food substance to iron in the food and in the feces. The 
fecal ratio divided by the food ratio multiplied by 100 gives the per- 
centage of food substance undigested. In practice it is not necessary 
by this method to measure accurately the total amount of food eaten 
or feces ‘excreted during an experimental period inasmuch as one is 
dealing with a change of ratios and not with absolute amounts. 

During a study of the digestibility of the proteins of cottonseed (6) 
Bergeim's method yielded results slightly lower than those obtained 
by the usual method in wliich the total amounts of protein consumed 
and excreted during an experimental period were determined. The 
lower results were attributed to the incomplete recovery of iron in the 
feces. By substituting silica for iron oxide and determining the 
silica ratios in the food and feces, results were obtained which were in 
close agreement with those obtained by the usual method (7). The 
experiments were conducted with rats on a diet which contained 1 per- 
cent of added silica. 

In recent experiments with cows on a ration which contained approxi- 
mately 3 percent of natui^ally occurring silica and 0.5 percent of added 
iron oxide results were obtained which indicated that the silica 
naturally contained in the feed was superior to iron oxide as a key 
substance in digestion studies {8), Bergeim {Jf) reports that Wildt fed 
sheep wheat straw and used the silica naturally contained therein as 
an index substance in absorption studies. 

Recently the authors had occasion to determine the apparent digest- 
ibility of niung-bean silage. Since this feed contained approximately 
20 percent of silica (dry-matter basis) or more than six times the 
amount present in rations previously employed {8) it appeared of 
interest to make the digestion studies by both the silica-index pro- 
cedure and the usual method. It is the purpose of the present paper 
to report the results of these studies and to point out likely somces of 
error in the silica-ratio procedure. 

Only one analysis of mung-bean silage is reported by Henry and 
Morrison {9), and so far as the authors are aware, no determinations 
have been made of its digestibility. 

1 Received for publication Nov. 5, 1936; issued July 1936. 

2 Reference is made by number (italic) to Literature Cited, p. 894. 
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MATERIAL AND METHODS 

The silage was made from Golden mung beans, a tall variety which 
produces few seed pods. The plants were cut and ensiled before they 
had fully matured, while the bean pods were still green. The silage 
when taken from the silo had a characteristic but not unpleasant odor 
and in this respect differed from silage made of many of the legumes. 
On drying, it developed a pungent odor. 

Weekly samples of silage were taken from the silo for several months 
previous to the digestion trial, and these were combined to form three 
composite samples representing material from the upper, middle, and 
lower parts of the silo. The samples were dried and reserved for 
analysis. 

Nine 1 -pound samples were taken from the lower part of the silo 
for shica and proximate analysis at the time the digestion trial was in 
progress. 

The experimental animals were four milk cows, three of which had 
received mimg-bean silage in their ration for several months previous 
to the digestion trial. They were stanchioned in the barn during the 
entire trial except for about 30 minutes each day, when they were 
exercised in a dry lot in the presence of a caretaker. The digestion 
trial was of 17 days’ duration, 10 days’ prehminary and 7 days’ experi- 
mental. During the first part of the preliminary period the maximum 
amount of silage which the cows would consume was determinec^^ 
Diming the 7-day experiniental period, the silage was fed four times 
dahy in four equal portions. In this way uneaten residues were 
avoided. 

During the experimental 7-day period feces collections were made 
by hand. The total amount of feces voided daily was weighed and 
a one-twentieth aliquot taken for analysis and dry-matter determi- 
nations. A tenth of the one-twentieth aliquot was preserved in acid 
alcohol for nitrogen determinations. To obtain data on the constancy 
of the silica output, a small sample of each defecation from each cow 
was taken during a 24-hour period. All analyses of feed and feces 
were^ made accordii^ to methods adopted by the Association of 
Ofiieial Agricultural Chemists (7). 

RESULTS 

The average composition of mung-bean silage calculated from the 
analysis of three composite samples was found to be as follows: 
Moisture, 67.33 percent; crude protein, 4.81; crude fiber, 7.26; fat, 
1.38; nitrogen-free extract, 13.12; and ash, 6.10 percent. 

^ The percentage composition of mung-bean silage used in the diges- 
tion tnal and the percentage composition of the feces voided by cows 
receiving the silage are given in table 1. The figures given in this 
table were used in calculating the digestibility coefficients presented in 
table 2. 

The composition of mung-bean silage as given in table 1 differs 
appreciably from that reported by Henry and Morrison {9) in the per- 
centage of ash and crude fiber, being higher in ash and lower in crude 
tiber. ihese authors report the ash and crude-fiber content of silage 
made from ‘neariy mature” mung beans as 1.2 and 9.8 percent, respec- 
tively. ihis difference between the two silages may be attributed in 
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part to varietal differences in composition of the plants and possibly 
to the manner in which they were handled before ensiling. Unless 
the plants are cut before the pods begin to turn brown many of the 
leaves and pods shatter when handled. The loss of leaves tends to 
decrease the percentage of ash and increase the percentage of fiber 
in the hay. 

Foreign material may have contributed to the high ash content of 
the silage used in the present study since the plants were grown during 
a dry, dusty season. Approximately 75 percent of the ash in the silage 
was silica. Silica constituted only about 45 percent of the ash in the 
composite samples of silage. Similarly about 50 percent of the ash of 
wheat straw and 30 percent of the ash of timothy hay is silica. Analy- 
ses of soybean silage compiled by Becker et al. { 2 ) show the ash con- 
tent of this material to vary between 8.71 and 19 percent of the dry 
weight. 


Table 1. — Composition of 7niing-hemi silage and of feces voided by cows which received 
the silage during a 7~day digestion trial 


Material analyzed and cow no 

Moisture 

Crude 

protein 

Crude 

fiber 

Ether 

extract 

Nitrogen- 

free 

extract 

Ash 

Original silage. 

Percent 
72. 67 

Percent 

3 79 

Percent 

5. 21 

Percent 

1 24 

Percent 

9 86 

Percent 

7 23 

Dry silage 

13. 88 

19 07 

4 56 

36 04 

26.45 

Cowl. Dry feces . ----- - 


11. 98 

17. 77 

2. 23 

25. 89 

42.13 

Cow 2 Dry feces 


11 29 

17. 70 

2. 22 

26 84 

41 95 

Cow 3 Dry feces - 


12 08 

i 18 04 

1 2 26 

28. 47 

39 16 

Cow 4 Dry feces 


11 13 

19 02 

! 2 41 

1 

29. 64 

37 80 




Table 2. — Dry matter and nutrients ingested, voided, and digested during a 7~day 
period by cows on mung-hean silage 


Cow no and items compared 

Dry 

matter 

Protein 

Ether 

extract 

Crude 

fiber 

Nitrogen- 

free 

extract 

Ash 

Cow 1: 








Consumed 

kilogram . 

46 8602 

6 6042 

2 1368 

8 9362 

16.8884 

12 3945 

Voided 

-do 

26 4079 

3 0439 

.6666 

4. 5160 

6 5781 

10. 7043 

Digested 

do 

21. 4523 

3. 4603 

1. 5702 

4. 4212 

10. 3103 

1. 6902 

Do 

percent-- 

46 7 

63.2 

73.4 

49 4 

61.0 

13 6 

Cow 2. 





i 


Consumed 

-kilogram-- 

52 0672 

7. 2269 

2. 3743 

9. 9292 

18 7650 

13 7717 

Voided 

do 

27 7243 

3. 1301 

.6165 

4. 9072 

7. 4416 

11. 6303 

Digested - 

do 

24 3429 

4. 0968 

1. 7688 

6 0220 

11. 3235 

2. 1414 

Do 

percent.. 

46.7 

66 6 

74.0 

50.5 

60.3 

15.6 

Cow 3 







Consumed 

kilogram.- 

31. 2401 

4 3361 

1 4245 

5 9575 

11.2689 

8 2630 

Voided 

- do-.-. 

16.4404 

1.9860 

.3716 

2. 9658 

4.6806 

6. 4364 

Digested 

do 

14. 7997 

2 3501 

1 0529 

2 9917 

6. 5783 

1.8266 

Do 

percent-. 

47.3 

64.2 

73.9 

50 2 

68.4 

22 1 

Cow 4' 







Consumed 

-kilogram.. 

31. 2401 

4 3361 

1. 4245 

6,9675 

11.2689 

8.2630 

Voided - 

do — 

18. 4581 

2.0644 

.4448 

3. 5107 

6.4710 

6.9772 

Digested 

do 

12. 7820 

2 2817 

.9797 

2.4468 

6. 7879 

1. 2868 

Do - 

percent.. 

40 9 

62 6 

68 7 

41.0 

51.4 

15.6 

-Average, digested.. 

do 

45.2 

64 2 

72.6 

47.8 

67.8 

16.7 


75124—86 6 
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DIGESTIBILITY DETERMINED BY USUAL METHOD 

Table 2 contains data on the dry matter and nutrients eaten, 
voided, and digested by cows receiving mung-bean silage. With but 
few exceptions, the digestibility figures obtained with the individual 
cows are in close agreement. Cow 4 gave the lowest values for all 
constituents except ash, 

A comparison of the digestibility coefiSicients presented in table 2 
with those reported for many other silages shows that the digesti- 
bility of the dry matter in mung-bean silage is low, being 45.2 percent. 
The average digestibihty of dry matter in corn, cowpea, kafir, soy- 
bean, and vetch silage varies from 55 to 69 percent {9). The digesti- 
bility of the fat is relatively high. The digestibility of the protein, 
54.2 percent, is about the same as that of corn and cowpea silages 
but less than that of soybean silage. The digestibility of the crude 
fiber, 47.8 percent, is less than that of corn silage and about the same 
as that reported for cowpea and soybean silages. 

From the results given in table 2, the pounds of digestible nutrients 
in 100 poimds of fresh mung-bean silage containing 72.7 percent of 
moisture have been calculated to be 2 pounds of protein, 8.2 pounds 
of carbohydrates, and 0.9 pounds of fat. 

Data on breed, age, average weight, and feed consumption of the 
cows are given in table 3. 

Table 3. — Age, breed, weight, and feed consumption of cows used in digestion trial 


Cow no. 

Age 


Average 
weight 1 

Fresh 

silage 

consumed 

daily 

Total 

digestible 

Years 

Months 

Breed 

nutrients 

consumed 

daily 

1 

6 

7 

Ayrshire 

Pounds 

1, 157 

Pounds 

54 

Pounds 

6 64 

2__ 

5 

4 

Gnftrnsfty 

885 

60 

7. 38 
4.43 

3..._ 

6 

2 

.Ifirsfty - 

717 

36 

4 

4 

0 

do- 

776 

36 

4.43 





1 Average of 8 weights taken during the digestion trial 


DIGESTIBILITY DETERMINED BY SILICA-RATIO PROCEDURE 

A uniform distribution of silica in the feed is essential for the de- 
termination of the apparent digestibility of a food substance by the 
silica-ratio procedure. It is likewise essential that the silica follow 
the food through the intestmal tract without stratification and that 
it be el imin ated in like proportion in all parts of the feces. If tliis is 
the case, random samples of feces may be taken without making total 
collections. 

Separate samples of the silage taken at the time the digestion trial 
was in progress showed considerable variation in silica content. On 
a dry-matter basis, the minimum silica content of nine 1-pound 
samples was 18.34 percent; the maximum, 22.54 percent; and the 
average, 19.91 percent. The percentage of silica was unrelated to 
the percentage of other constituents except ash, and no regular 
variation was observed in the silica content of samples taken on 
consecutive days. The variations that did occur and that were 
considered significant resulted in all probahihty from the uneven 
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distribution of silica in the silage. They represent sources of error in 
the procedure in that the food substance to silica ratio of the silage is 
not constant from day to day. This error was not encountered in 
previous experiments in which silica was present in smaller amounts 
and was well distributed in the feed {8). 

The silica content of separate collections of feces from a single 
animal during a 24-hour period showed even wider variations. For 
example, the minimum silica content, the maximum, and the average 
of feces voided by cow no. 1 during the digestion period were 20.36, 
29.61, and 26.20 percent, respectively, on a dry-matter basis. Varia- 
tions of the same order were observed in the 24-hour samples of feces 
from the other three cows. Since with the exception of ash, the per- 
centage of food constituents in the feces remained fairly constant 
during the 24-hour period, these variations in silica content produced 
variations of equal magnitude in the food substance silica ratios. 
Digestibility coefficients calculated from these ratios therefore showed 
no agreement, and it became evident that under these experimental 
conditions random sampling of feces was not good practice. 

Since composite samples of the total amount of feces voided by each 
cow during the 7-day experimental period were available, silica deter- 
minations were made on these and digestibility coefficients obtained 
which were slightly^ lower than those obtained by the usual method. 
Thus the digestibility of the protein calculated from the silica ratio 
was 48.06 percent for cow 1; 50.65 percent for cow 2; 45.34 percent 
for cow 3; and 45.34 percent for cow 4. In these calculations the 
average silica content of the dry silage, 19.91 percent, was used. 

Consistently low digestibility coefficients calculated by this method 
indicate an incomplete recovery of silica from the feces and suggest 
an appreciable metabolism and subsequent elimination of silica through 
other channels. Forbes (5) observed a retention of silicon by milking 
cows and suggested that storage took place through the growth of 
hair. He also observed an excretion of small amounts of silica in the 
urine but none in the milk. 

In the present experiment over 85 percent of the calculated amount 
of silica ingested was recovered in the feces. This apparent metabo- 
lism of natural-occurring silica contributes a serious error to the 
method of study. 

That under the conditions of this experiment the silica-ratio proce- 
dure for studying digestibility had no advantage over the older method 
of procedure is obvious. That under more favorable conditions the 
method is capable of yielding accurate results has been demonstrated 
in previous experiments (7, 8). 

SUMMARY 

The apparent digestibility of mung-bean silage is reported for the 
first time. The digestion experiments were carried out with four milk 
cows receiving a ration composed solely of mung-bean silage. The 
fresh silage contained 3.79 percent of crude protein, 5.21 of crude fiber, 
1.24 of fat, and 9.86 of nitrogen-free extract. The average digesti- 
bility coefficients were 45.2 for dry matter, 54.2 for protein, 47.8 for 
crude fiber, 72.6 for fat, and 57.8 for nitrogen-free extract. 
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It was found that the short naethod for studying digestibility which 
makes use of the change in ratio of food substance to silica in the feed 
as it passes tlu’ough the intestinal tract was not applicable under the 
conditions of this experiment. The food substance to silica ratio of 
thp feed varied from day to day. The same ratio in the feces showed 
wide variations during a 24-hour period, making the random sampling 
of feces impossible. The cause of these irregularities was not deter- 
mined but was presumed to be due to (1) an uneven distribution of 
silica in the silage and (2) stratification and loss of silica in its passage 
through the intestinal tract. 
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INHERITANCE OF RESISTANCE TO THE COMMON 
MOSAIC VIRUS IN THE BEAN^ 

By M. C. Parker 2 

Formerly agents Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Playit Industry, United States Department of Agriculture 

INTRODUCTION 

The mosaic virus of the common bean (Phaseolus vulgaris L.) is 
coextensive with bean culture in the United States and Canada. 
Reports of the disease in other countries appear in the literature, and 
the work of Rands and Brotherton {19Y with varieties of beans from 
all parts of the world suggests that the virus is cosmopolitan in its 
distribution. 

Owing to the fa^t that disease-free seed is difficult to produce and 
that elimination of the virus from infected seed is not possible, the 
only means of control available at present is the use of resistant or 
immune varieties. Michigan Robust is the only commercial variety 
of field beans that is immune. However, immune selections of the 
Great Northern variety of field bean (17) and the Stringless Green 
Refugee canning bean (15) are being released by the Idaho Agricul- 
tural Experiment Station. Two new mosaic-resistant snap beans of 
the Stringless Refugee type have been released under the designations 
of U. S. No. 1 and U. S. No. 5 by the United States Department of 
Agriculture since this investigation was started. Corbett Refugee, a 
selection from commercial Stringless Green Refugee, was the only 
immune canning-type bean available for the present investigation. 

Several investigators have classified bean varieties accordi^ to their 
degree of resistance. Pierce and Walker, as reported by Clark (5), 
for example, group the varieties tested into three classes. Class 1 
includes the varieties (Stringless Green Refugee, Refugee Wax, Red 
Valentine, etc.) that are susceptible to the common or Refugee-type 
virus and develop pronounced symptoms when infected; in class 2 
are placed the tolerant varieties (Improved Kidney Wax, Full Meas- 
ure, Giant Stringless, etc.), which are readily infected but which 
ordinarily do not develop marked symptoms ; and in class 3 are grouped 
the resistant or immune varieties. In this paper are reported the 
results of crossing bean varieties belonging to the extremes (classes 
1 and 3) in the above grouping in order to determine the inheritance 
of resistance to the common bean mosaic virus. In the early stages 
of the breeding work it was observed that resistance did not conform 
to any simple law of inheritance, and for that reason the program of 
hybridization was limited to a few varieties with a view to studying 
them in considerable detail. 

1 Received for publication Dec. 1935; issued 1936. Contribution from the Division of Fruit 
and Vegetable Crops and Diseases, Bureau of Plant Industry, XJ. S. Department of Agriculture, and the 
Department of Genetics, Wisconsin Agricultural Experiment Station (paper no. 182). 

2 The writer wishes to ei^ress his appreciation for the helpful assistance given during the course of this 
investigation by Dr R. A. Brink and for the advice given by Dr J. O. Walker, of the College of Agriculture, 
University of Wisconsin. 

3 Reference is made by number (italic) to Literature Cited, p. 914. 
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REVIEW OF LITERATURE 

Since Iwanowski (7), in 1899, first mentioned the occurrence of a 
virus disease on beans, numerous observations have been published 
dealing largely with symptoms, environmental relations, transmis- 
sion, distribution, and economic losses caused by the disease. Only 
one paper deals to any extent with the subject with which we are 
concerned, namelv, the inheritance of resistance to bean mosaic. 

McRostie (P), "in 1921, reported the results of crossing resistant 
Michigan Robust with Flat Marrow and with a strain designated as 
Selection B. According to his data, McRostie obtained a high degree 
of resistance in the Fi generation in certain cases. If one may 
assume that the first variety he lists in each case is the maternal 
parent, then it would appear that in crosses between resistant and 
susceptible varieties the Fi was more resistant when the resistant 
variety was used as the female parent than as the male parent. The 
following is a summary of table 3 of McRostie’s paper, showing the 
reactions of a series of Fi individuals: 

Robust X Flat Marrow, b, h, h, h, h, 6.“^ 

Flat Marrow X Robust, 6, d, d, d, 6, h. 

Robust X Selection B, d, d. 

Selection B X Robust, h, d. 

Well’s Red Kidney X Robust, 6. 

The Fi plants from the Robust X Flat Marrow cross, as listed in 
McRostie’s table, were all highly resistant (class 6), while four out of 
six of the plants from the reciprocal cross were more or less severely 
infected. McRostie makes no mention of the apparent difference in 
the reciprocal crosses. However, this difference is not evident in the 
Fi generation of Robust X Selection B and reciprocal. Both plants 
from the cross Robust X Selection B were heavily infected. One 
plant was highly resistant and one very susceptible in the cross 
Selection B X Robust. McRostie indicates that the results show 
susceptibility to be dominant, or partially so, over resistance. In the 
F 2 generation a ratio approximating nine susceptible to seven resistant 
was obtained when all F 2 results were grouped together without refer- 
ence to the varieties used or the direction in which the crosses were 
made. Variations in degree of resistance and susceptibility in the F 2 
from different crosses are suggested in the F 2 table, but McRostie 
attributes these to the small numbers involved. He states (^, p. 

In view of the ratio reported, we must assume that two factors are concerned 
in producing susceptibility or resistance to this disease. The presence of both of 
these factors in the dominant condition goes to make susceptibility. The pres- 
ence, on the other hand, of one or both of their recessive allelomorphs in the homo- 
zygous condition tends to produce a plant that is resistant to the disease in 
question. 

McRostie was handicapped by the lack of a technique that would 
insure infection of all susceptible plants.^^Jn the greenhouse he used 
a rubbing method of inoculation, but in thedield natural dissemina- 
tion of the virus was relied upon, every third row being planted with 
seed from diseased plants. 

Pierce and Walker (f^), crossing Corbett Refugee and Stringless 
Green Refugee, found the Fi hybrids to be resistant to mosaic and 
succeeded in isolating resistant progenies from resistant F 2 plants. 

* The letters a to e indicate varying degrees of infection, n indicating no infection and e severe infection. 
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In the two investigations just reviewed two different ideas are 
expressed. McRostie reported resistance to be recessive, while Pierce 
and Walker found resistance to be dominant to susceptibility. 

METHODS AND MATERIALS 

The Stringless Green Refugee variety, a prolific green snap bean of 
high quality, which is extensively grown for canning, was used as the 
susceptible parent throughout the present investigation. It is very 
susceptible to mosaic, and the disease is an important agent in reducing 
the yields. Michigan Robust (Michigan No. 40520 ), a white pea 
bean, was used as a resistant parent. This strain is Immune to the 
mosaic virus employed in these studies. Corbett Refugee, an immune 
selection from the Stringless Green Refugee variety, was also used as a 
resistant parent.^ 

Hybridizations between disease-free parent plants were made in 
the greenhouse, care being taken to avoid self or otherwise uncontrolled 
pollination. The flowers were emasculated when the edges of the 
standard petal of the corolla were just beginning to separate. Buds 
manipulated earlier were usually shed, and buds almost fully open 
were found to be self-pollinated. 

The flowers were pollinated immediately after emasculation, 
tagged, and wrapped in paper or cotton to guard against foreign 
pollen and to prevent destructive drying of the exposed floral parts. 
The immunity of the resistant parent lines was established by inocu- 
lating representative samples with the mosaic virus. A few flowers 
of each plant used as a parent in crosses were self-pollinated and the 
reaction of the offspring to the virus was determined. All descend- 
ants from *‘selfed’' resistant parents were immune. Likewise, all 
plants produced from self-pollinated flowers of susceptible parents 
were susceptible. This procedure gives conclusive evidence that 
plants used as resistant parents were immune and upon ‘^selfing’^ 
transmitted the immunity to all of their offspring. It also proves that 
plants used as susceptible parents were *^true^’ susceptibles. 

The hybrid offspring ancl the parent strains were grown in a cheese- 
cloth cage out of doors. With this method no difficulty was experi- 
enced in keeping the plants healthy. The general procedure in 
handling hybrid plants was as follows: A few Fi individuals were 
inoculated with the virus in order to obtain an index of their reaction 
to the disease. The rest of the Fj plants were kept healthy by growing 
them in the cheesecloth cage mentioned above; F2 seed harvested 
from these plants, therefore, was disease-free. The F2 plants were 
first exposed to the virus as seedlings. These inoculated plants were 
selfed and harvested separately. The F3 generation, therefore, was 
derived from F2 individuals whose reaction to the virus had been 
established. There was tested also an Fg generation from plants that 
had been kept disease-free in the Fi and Fg. 

A portion of the seed from F2 plants classified as resistant was 
planted and observed in the greenhouse in order to establish the fact 
that these plants were actually immune and were not carrying the 
virus in a masked condition. No diseased plants occurred among the 
offspring of such tested plants. 

s Seed of the Corbett Refugee strain and disease-free seed of the Stringless Green Refi^ee variety were 
obtained from W, J. Zaumeyer, Division of Fruit and Vegetable Crops and Diseases, Burean of Rtaut 
Industry, U. B Department of Agriculture. 
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Owing to the ' 'hard-shell’ ' character of the hybrid seed it was found 
necessary to scarify all seeds before planting, in order to obtain uni- 
form germination. Newly harvested seed, if scarified, will germinate 
immediately upon being planted. 

A leaf-rubbing method of inoculation was used, which consisted of 
macerating leaves from diseased plants in a mortar and expressing 
the juice through cheesecloth. The fully expanded primaiy leaves of 
the plants to be inoculated were rubbed on the upper surface along 
the midrib with a small piece of cheesecloth dipped in the infective 
juice. A small quantity of quartz sand was added as an abrasive 
agent. Fajardo (d) reported from 80- to 100-percent infesction with 
this method. During the course of the present investigation no 
difficulty was encountered in producing 100-percent infection in plants 
known to be susceptible if a second inoculation, into the first compound 
leaf, was given a few days after the first. Figure 1 is a photograph 



Fioube 1 — Pj bean plants 30 days after inocalation: A, Siwoeptible plant showing mosaic symptoms; 
JV. r^istant plant The primary leaves show inoculation injury. 


showing (A) susceptible and (B) resistant plants 30 days after inocu- 
lation, Evidence of the inoculation injury may be seen on the primary 
leaves. 

The virus inoculum was obtained from the descendants of a single 
plant of the Stringless Green Refugee variety grown in the United 
States Department of Agriculture bean trials at Greeley, Colo., in 
1931. ^ The plant exhibited mosaic symptoms similar to other diseased 
plants in the viemity and was selected as representative of the ordinary 
or coinmon t^^pe of bean mosaic. It is the writer^s opinion that this 
virus is identical with bean virus no. 1 as reported by Pierce (J&). 
Disease-free Refugee plants were inoculated with virus extract from 
diseased offspring of this plmt. The culture has been maintained by 
repeated inoculations of disease-free seedlings. This material has 
been the sole source of infective tissue for testing the reaction of 
parents and hybrid progenies to the diserase. The plan was adopted 
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to avoid any complication that might result if different strains of the 
bean mosaic virus exist. 

Disease-free seedlings of the Stringless Green Refugee variety were 
used as checks throughout the investigation. The infectivity of each 
extracted sample of inoculum used was established hy observing the 
symptoms produced on plants of this stock. Every fifth row in green- 
house plantings was a check. In the field the check rows, containing 
approximately 30 plants each, were located at random. All suscep- 
tible check plants became infected following inoculation. This should 
be sufficient check on the technique employed and upon the environ- 
mental conditions prevailing to establish with certainty the fact that 
all susceptible plants in the segregating progenies were infected with 
the virus. The checks were included in all plantings, and in each case 
100-percent infection was obtained by means of two inoculations as 
mentioned above. 

Michigan Robust and Corbett Refugee were used as resistant 
checks. In no case did resistant check plants become infected. The 
beans were planted in the genetics plot on the University of Wisconsin 
campus at Madison, Wis., and were more or less isolated from other 
beans each year. 

RESULTS 

BEHAVIOR OF F i GENERATION OF MICHIGAN ROBUST X STRINGLESS GREEN 
REFUGEE AND RECIPROCAL 

In the Fi generation of the Michigan Robust X Stringless Green 
Refugee combinations the reciprocal crosses were markedly unlike. 
The results of inoculating Fi individuals of the cross susceptible 9 X 
resistant cf ® are presented in table 1. 

Table 1. — Reactio7i of Fi generation of susceptible {Stringless Oreen Refugee) 
9 X resistant {Michigan Robust) cT and reciprocal to common bean mosaic 


STRINGLESS GREEN REFUGEE X MICHIGAN ROBUST 


Parent no. 

Plant 

no 

Fi i)lants 

Parent no. 

Plant 

no 

Fi plants 

Tested 

Healthy 

Dis- 

eased 

Tested 

Healthy 

Dis- 

eased 

1-2X1-15...- 

1-2X1-17..-- 

1-2X1-22.... 

1-3X1-11—. 

1-5X1-12—. 

1-8X1-12.— 

1-10X1-12... 

1-10X1-15... 

3-1X3-20..-. 

1 

34-3 

36-2 

36- 4 

37- 3 

38- 3 

39- 3 

40- 5 

41- 3 

100 

Num- 

ber 

1 

1 

1 

1 

1 

1 

1 

1 

2 

Number 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Num- 

ber 

1 

1 

1 

1 

1 

1 

1 

1 

2 

3-1X3-31.-- 

3-2X3-21..- 

3-3X3-20— 

3-3X3-28-.- 

3-3X3-24—- 

3-4X3-26— 

Total. 

101 

102 

103 

104 

105 

106 

Num- 

ber 

1 

3 

2 

1 

2 

2 

Number 1 
0 

0 i 
0 

0 

0 i 
0 

Num- 

ber 

1 

3 

2 

1 

2 

2 


21 

0 

21 


MICHIGAN ROBUST X STRINQLESS GREEN REFUGEE 


1-11X1-8 . 

44-5 

1 

1 

0 

3-21X3-4 

107 

1 

1 

0 

1-16X1“2.-. 

46-2, 3-. 

2 

1 

1 

3-22X3-1.- 

108 

2 

1 

1 

1-20X1-99-. 

46-5 

1 

1 

0 

3-24X3-3 

109 

2 

2 

0 

1-23X1-96-. 

47-4 

1 

1 

0 

3-27X3-2— 

no 

1 

- 1 

0 

1-17X1-2—. 

49-1,2... 

2 


1 






1-20 X 1-88- - 

60-1,2... 

2 

2 

0 

Total. 


17 

14 

3 

1-22X1-2.— 

61-1, 2... 

2 

2 

0 







* To avoid confusion in presenting and discussing these results, the maternal parent has been listed 
first in each case. 
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Twenty-one plants were tested, all of which proved to be suscep- 
tible. The results of inoculating Fi individuals from the reciprocal 
cross are given in table 1. Only 3 out of 17 plants tested were sus- 
ceptible to mosaic. These results might suggest that the Fi plants 
were not hybrids but accidental seifs, since their reactions to the 
mosaic virus are similar to the reactions of the respective female 
parents. The Michigan Robust variety has wliite seeds, white 
flowers, and an indeterminate type of growth, whereas Stringless 
Green Refugee has purple-mottled seeds, pink blossoms, and a deter- 
minate type of growth. It was possible, therefore, to establish defi- 
nitely the hybridity of the Fi plants by the characters shown in this 
generation and by segregation in the F 2 generation. 

The different behavior of reciprocal hybrids in relation to the 
mosaic virus must be explained in some other manner. The Fi 
plants tend strongly to resemble the maternal parent with respect to 
susceptibhity. If the female parent is susceptible to mosaic the off- 
spring are susceptible, and if a resistant individual is used as a mother 
plant most of the offspring are resistant. These results are contrary 
to the Mendehan type of inheritance, where except in cases of sex 
linkage both parents contribute equally to the offspring. 

In considering the additional data given below, a brief account of 
the writer's {15) results on the inheritance of a variegated leaf char- 
acter in the bean will be helpful. Hybrids were made between 
plants with variegated leaves and normal green plants. All Fi 
plants from the variegated 9 X green cf cross were variegated. 
Seven out of eight Fi plants from the reciprocal cross (normal 
green 9 X variegated ) were normal green ; one plant had a slight 
variegation on one leaf. This difference in reciprocals was again 
evident in the F 2 generation. In the second generation of varie- 
gated 9 X green cf , 84 percent variegated and 16 percent green plants 
were obtained. In the reciprocal cross (green 9 X variegated cT') 93 per- 
cent green and 7 percent variegated plants were found. These results 
suggest that the character of the Fi and F 2 offspring is largely governed 
by the maternal parent and that the variegated condition is governed 
by the cytoplasm. The occurrence of some variegated offsprmg when 
the validated plants are used as paternal parents suggests that the 
causal agency is introduced, to some extent, with the pollen tube at 
the time of fertilization. 

Further discussion and explanation of the variegated character and 
its relation to mosaic resistance will be found in the section entitled 
“Discussion.'' 

BEHAVIOR OF Fa GENERATION OF MICHIGAN ROBUST X STRINGLESS GREEN 
REFUGEE AND RECIPROCAL 

The F 2 individuals were obtained from plants that were not inocu- 
lated in the Fi generation. Recent workers have reported the 
transmission of mosaic by the pollen from diseased plants. Reddick 
{20) first reported this for beans in 1931. Nelson and Down {10) 
concluded that one-fourth of the ovules and approximately one- 
fourth of the pollen grams of diseased plants are infected and are 
instrumental in transmitting the disease to the next generation. 
Since it was desirable to avoid any complications that might arise 
from infection of some of the young embryos borne on susceptible 
mother plants or from infection of ovules of resistant mother plants 
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by diseased pollen from susceptible individuals, the plants that gave 
rise to the F 2 progenies were grown in a cheesecloth cage to keep 
them disease-free. 

The striking difference in behavior of the reciprocal crosses shown 
in the Fi is again apparent in the F 2 generation. The Fa results of 
the susceptible X resistant cross are shown in table 2. Out of a 
total of 4,728 plants inoculated with the mosaic virus, only 60 plants, 
or 1.27 percent, remained healthy. On the other hand, 4,668 plants, 
or 98.73 percent, became infected. 


Table 2 — Reaciion of generation of susceptible {Stringless Green Refugee) 
9 X resistant {Michigan Robust) S' and reciprocal to common bean mosaic 

STRINGLESS GREEN REFUGEE X MICHIGAN ROBUST 



F 2 plants 

Prog- 


Number 


Percent 

no* 






Test- 

ed 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 


34-1 

321 

1 

320 

0 31 

99 69 

34-2 

307 

2 

306 

.66 

99 35 

35-1 

420 

6 

420 

1.41 

98.59 

36-1 

253 

3 

250 

1 19 

98 81 

36-2 

212 

8 

204 

3. 77 

96 23 

36-3 

232 

6 

226 

2. 59 

97 41 

37-1 

268 

3 

265 

1. 12 

98 88 

37-2 

284 

6 

278 

2.11 

97. 89 

33-1 

218 

0 

218 

.00 

100 00 

3S-2 

130 

3 

127 

2 31 

97 69 



Fa plants 

Prog- 

eny 


Number 


Percent 

no 






Test- 

ed 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

39-1 

464 

3 

461 

0 65 

99 35 

39-2 

497 

5 

492 

1.01 

98 99 

40-1 

41 

0 

41 

.00 

100.00 

40-2 

130 

0 

1.30 

00 

100 00 

40-3 

403 

1 

402 1 

.25 

99 75 

40-4 

27 

0 

27 

00 

100 00 

41-1 

221 

6 

215 

2 71 

97.29 

41-2 

294 

7 

287 

2 38 

97. 62 

Total 

4, 728 

60 

4,668 

1 27 

98.73 


MICHIGAN ROBUST X STRINGLESS GREEN REFUGEE 


44-1 

324 

178 

1 

146 

54 94 

1 

46 06 

46-3 

27 

23 

4 

85.19 

14.81 

44-2 

148 

86 

62 

58. 11 

41.89 

46-4 

68 ^ 

43 

26 

63.24 

36 76 

44-3 

223 

117 

106 

1 62. 47 

47 63 

47-1 

59 

37 

22 

62 71 

37.29 

44-4 1 

419 

219 

200 

‘ 52.27 

47 73 

47-2 

57 

38 

19 

66 67 1 

33 33 

46-1 

367 

188 

179 

51.23 

48 77 

47-3 

162 

99 

63 

61.11 

38.89 

46-1.... 

27 

18 

9 

66 67 

33 33 


— ^ , 






46-2 

26 

16 

10 

60.00 

40 00 

Total 

1,906 

1,061 

1 

846 

55 67 

44 33 


The Fa results from the reciprocal cross (resistant X susceptible) are 
presented in table 2. Of the 1,906 plants tested, 845 became dis- 
eased, and 1,061 remained healthy. This is a ratio of 55.67 percent 
resistant to 44.33 percent susceptible. 

The results obtained in the second generation, though not so strik- 
ing as the Fj results, still show a preponderating influence of the 
grandmaternal parent. In the cross susceptible X resistant more than 
90 percent of the plants were susceptible in every case. Likewise, in 
the cross resistant X susceptible more than 50 percent of the plants 
were resistant in every case. The result of 55.67 percent resistant 
and 44.33 percent susceptible when the cross is made this way 
(resistant X susceptible) becomes more significant if it is realized 
that in no family was there more than 48.77 percent susceptibility 
or less than 51.23 percent resistance. It should be noted that certain 
Fi plants and Fa progenies are identical reciprocals, i. e., from crosses 
between the same parent plants. For example, the Fi plant 34-3 
(table 1) is from a cross between parent 1-2 (Stringless Green Refugee) 
as female and parent 1-16 (Michigan Robust) as male. The Fi indi- 
viduals 45-2 and 45-3 (table 1) are from the reciprocal cross, parent 
1-16 (Michigan Robust) X parent 1-2 (Stringless Green Refugee)t 
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BEHAVIOR OF Fs GENERATION OF MICHIGAN ROBUST X STRINGLESS GREEN 
REFUGEE AND RECIPROCAL 

The Fs plants tested were descendants of self-pollinated F2 individ- 
uals whose reaction to the virus had been determined in the second 
generation. The results of inoculating F3 progenies have been 
grouped in tables 3 to 6, according to the original cross and the 
reaction of the F2 parent. 

Table 3 — Reaction to common bean mosaic of Fa generation of susceptible {Stringless 
Green Refugee) ? X resistant {Michigan Robust) & aihd reciprocal, derived from 
plants resistant in F2 

STRINGLESS GREEN REFUGEE X MICHIGAN ROBUST 



Fs plants 


Fa plants 

Progeny 

no. 


Number 1 

Percent 1 

Progeny 


Number 


Percent 






no. 






Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

35-1-L., 

32 

21 

11 

; 65 63 

34 37 

39-1-1 -- 

205 

31 

174 

15 12 

84 88 

35-1-2... 

147 

81 

66 

65 10 

44.90 

39-2-1--- 

11 

6 

5 

54. 55 

46. 45 

36-1-1., - 

33 

30 

3 

90 91 

9. 09 

39-2-2-. _ 

12 

5 

7 

41. 67 

58 33 

36-1-2... 

50 

50 

0 

100 00 

.00 

39-2-3-,. 

14 

12 

2 

85 71 

14 29 

36-1-3... 

242 

240 

2 

99 17 

.83 

40-3-1— 

12 

10 

2 

83 33 

16. 67 

36-1-4... 

28 

27 

1 

96.43 

3. 57 

41-1-1 — 

18 

18 

0 

100.00 

.00 

36-1-5... 

11 

11 

0 

100 00 

00 

41-1-2- - 

86 

74 

12 

86 05 

13 95 

36-2-1... 

356 

348 

8 

97 75 

2. 25 

41-1-3— 

176 

170 

6 

96. 59 

3 41 

36-2-2... 

132 

111 

21 

84 09 

15. 91 

41-1-4— 

90 

74 

16 

82 22 

17. 78 

36-2-3... 

244 

186 

58 

76 23 

23.77 

41-1-5, __ 

161 

156 

5 

96.89 

3 11 

36-2-4... 

26 

17 

9 

66 38 

34 62 

41-1-6... 

77 

76 

1 

98 70 

1 30 

36-2-5... 

10 

4 

6 

40.00 

60 00 

41-1-7... 

16 

16 

0 

100 00 

.00 

36-3-1... 

135 

117 

18 

86 67 

13 33 

41-1-8... 

18 

17 

1 

94 44 

5 56 

36-3-2... 

201 

97 

104 

48. 26 

51.74 

41-2-1... 

23 

23 

0 

100 00 

00 

36-3-3... 

289 

283 

6 

97 92 

2 08 

41-2-2... 

29 

27 

2 

93 10 

6 90 

36-3-4... 

56 

50 

6 

89.29 

10 71 

41-2-3-., 

33 

28 

5 

84 85 

15 16 

37-1-1... 

70 

69 

1 

98 67 

1 43 

41-2-4... 

22 

17 

5 

77 27 

22 73 

37-1-2... 

97 

89 

8 

91.75 

8 25 

41-2-5... 

214 

206 

8 

96 26 

3. 74 

37-2-1... 

no 

103 

7 

93 64 

6 36 

41-2-6— 

23 

19 

4 

82 61 

17 39 

37-2-2— 

5 

4 

1 

80 00 

20 00 

41-2-7. -- 

182 

179 

3 

98 36 

1 65 

37-2-3... 

8 

6 

2 

75 00 

25 00 

41-2-8... 

22 

19 

3 

86 36 

13.64 

37-2-4... 

12 

12 

0 

100 00 

00 

41-2-9— 

133 

127 

6 

95.49 

4. 51 

37-2-5... 

3 

2 

1 

66 67 

33 33 

41-2-10.- 

136 

133 

3 

97.79 

2. 21 

37-2-6... 

37-2-7... 

7 

10 

5 

9 

2 

1 

71.43 

90.00 

28 67 
10 00 

41-2-11- . 

204 

199 

6 

97.55 

2. 46 







37-2-8... 

4 

2 

2 

50 00 

60 00 

Total. 

4. 236 

3,616 

619 

85 38 

14 62 


MICHIGAN ROBUST X STRINGLESS GREEN REFUGEE 


44 - 1 - 1 .. - 

199 

176 

23 

88 44 

11.56 

44 - 3 - 3 ... 

48 

32 

16 

66 67 

33. 33 

44 - 1 - 2 ... 

126 

124 

2 

98 41 

1.69 

44 - 3 - 4 ... 

11 

6 

6 

64. 65 

45. 45 

44 - 1 - 3 .-. 

124 

105 

19 

84 68 

16 32 

44 - 3 - 5 ... 

13 

7 

0 

53. 85 

46.16 

44 - 1 - 4 ... 

99 

80 

19 

80 81 

19 19 

44 - 3 - 6 ... 

8 

8 

0 

100.00 

.00 

44 - 1 - 6 ... 

82 

82 

0 

100 00 

.00 

44 - 3 - 7 ... 

14 

10 

4 

71,43 

28 . 57 

44 - 1 - 6 ... 

9 

7 

2 

77 78 

22. 22 

44 -^ 8 ... 

4 

4 

0 

100 . ( X ) 

00 

44 - 1 - 7 ... 

6 

3 

3 

50 00 

60 00 

44 - 3 - 9 ... 

7 

4 

3 

57 14 

42. 86 

44 - 1 - 8 ... 

3 

2 

1 

66 67 

33.33 

44 - 3 - 10 .. 

4 

2 

2 

60.00 

60 00 

44 - 1 - 9 ... 

4 

4 

0 

100.00 

.00 

44 - 3 - 11 .. 

8 

6 

2 

75.00 

25 00 

44 - 1 - 10 .. 

17 

14 

3 

82 35 

17 65 

44 - 3 - 12 .. 

6 

6 

0 

100.00 

00 

44 - 1 - 11 .. 

6 

4 

2 

66 67 

33.33 

44 - 4 - 1 ... 

30 

28 

2 

93. 33 

6. 67 

44 - 1 - 12 .. 

16 

9 

7 

56. 25 

43 75 

44 - 4 - 2 -. - 

33 

28 

5 

84.86 

16 15 

44 - 1 - 13 .. 

8 

5 

3 

62 50 

37 50 

44 - 4 - 3 . __ 

132 

107 

25 

81 06 

18 94 

44 - 2 - 1 ... 

18 

14 

4 

77 78 

22 22 

/[/[ ^.-j\ 

7 

3 

4 

42. 86 

67 14 

44 - 2 - 2 ... 

13 

7 

6 

63 85 

46 16 

44 r ^ 5 ... 

8 

3 

6 

37 . 50 

62 . 60 

44 - 2 - 3 ... 

8 

6 

2 

75. 00 

25 00 

44 - 4 - 6 .., 

5 

5 

0 

100 00 

.00 

44 - 2 - 4 ... 

8 

6 

3 

62 50 

37 50 

44 - 4 - 7 -. 

6 

6 

0 

100 00 

.00 

44 - 2 - 5 ... 

7 

5 

2 

71.43 

28.67 

44 r - 4 - 8 -. 

6 

2 

3 

40.00 

60 00 

44 - 3 - 0 ... 

14 

12 

2 

85 71 

14 29 

45 - 1-1 

22 

- 14 

'8 

63 64 

36 36 

44 - 3 - 7 ... 

8 

8 

0 

100 00 

00 

46 - 1 - 2 ... 

35 

10 

25 

28 67 

71 43 

44 - 2 - 8 .-. 

11 

7 

4 

63.64 1 

36. 36 

45 - 1 - 3 ... 

39 

12 

27 

30 . 77 

69 23 

44 - 2 - 9 ,.^ 

5 

4 

1 

80 00 

20 OO 

45 - 1 - 4 ... 

14 

12 

2 

85 72 

14.28 

44 - 2 - 10 .. 

6 

6 

0 

100.00 

OO 

46 - 1 - 5 — 

17 

14 

3 

82 , 35 

17 , 66 

44 - 2 - 11 .. 

7 

6 

1 

85 72 

1429 

45 - 1 - 6 ... 

10 

5 

6 

60.00 

50 00 

44 - 2 - 12 .. 

8 

4 

4 

50 00 

60.00 

45 - 1 - 7—1 

8 

3 

5 

37,60 1 

62. 50 

44 - 2 - 13 .. 

11 

8 

3 

72 73 

27.27 

46 - 4 - l _„! 

11 

6 

6 i 

46.46 

54 55 

44 - 2 - 14 .. 

9 

5 

4 

55 56 

4444 

47 - 2-1 — ' 

7 

6 

1 

86 , 71 

14.29 

44 - 2 - 16 .. 

8 

6 

2 

76 00 

25.00 

47 - 2 - 2 ... 

7 

4 

3 

67 . 14 

42 86 

44 - 2 - 16 .. 

16 

9 

7 

66 25 

43.75 

47 - 2 - 3 ... 

4 

2 

2 

50.00 

50.00 

44 - 2 - 1 7 __ 

7 

4 

3 

57 14 

42.86 

47 - 2 - 4 ... 

12 

12 

0 

100.00 

.00 

44 - 2 - 18 .. 

5 

5 

0 

100.00 

.00 

47 - 2 - 6 — 

6 ! 

6 

0 

100 00 

.00 

44 - 2 - 19 .. 

6 1 

6 

0 

100 00 

00 







44 - 3 - 1 ... 

45 

23 

22 

51.11 

48.89 

Total. 

1,488 

1,169 

329 

77.89 

22. 11 

44 - 3 - 2 ... 

28 1 

22 i 

6 

78 , 57 , 

21 43 
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Table 3 shows the results of inoculating Fg progenies derived from 
resistant F 2 plants from the cross susceptible (Stringless Green Ref- 
ugee) X resistant (Michigan Robust). The folio mug distribution of 
50 Fg progenies was obtained: In 6 (12 percent) of the progenies, all 
plants were resistant ; in 13 (26 percent), 95 to 99 percent of the plants 
were resistant; in 20 (40 percent), 75 to 94 percent were resistant; 
in 7 (14 percent), 50 to 74 percent were resistant; and in 4 (8 percent), 
less than 50 percent were resistant. In this case 38 percent (19 out of 
50) of the progenies contained more than 95 percent resistant plants, 
and 40 percent (20 out of 50) contained from 75 to 94 percent resistant 
plants. 

There were 65 Fg progenies from resistant F2 plants of the reciprocal 
cross (Michigan Robust X Stringless Green Refugee) available for 
testing. The results of inoculating these progenies with the mosaic 
virus are presented in table 3. The distribution in this case is mark- 
edly different from the distribution in the material described above. 
Thirteen (20 percent) of the progenies were 100 percent resistant, 1 
(1.54 percent) was 95 to 99 percent resistant, 19 (29 percent) were 75 
to 94 percent resistant, 25 (38 percent) were 50 to 74 percent resistant, 
and 7 (11 percent) contained less than 50 percent resistant plants. 

Of the 4,235 plants tested (Fg susceptible X resistant from plants 
resistant in F 2 ) 3,616 were healthy and 619 were diseased, a ratio of 
85,38 percent resistant to 14.62 percent susceptible. Of the 1,488 
plants tested of the reciprocal cross (Fg resistant X susceptible from 
plants resistant in F 2 ) 1,159 were healthy and 329 diseased, a ratio of 
77.89 percent resistant to 22.11 percent susceptible. 

Table 4 (a summary of table 3) gives the percentages of Fg pro- 
genies, obtained from resistant F 2 plants, which fall into the various 
divisions arbitrarily based upon the percentage of resistant plants in 
a progeny. 

Table 4. — Summary of table 8 


Fa plants resistant 
(percent) 

Fs progenies resistant tfrora Fs 
resistant plants of indicated 
cross) 

Susceptible X 
resistant 

Resistant X 
susceptible 

95 to 100 

Percent 

38 

78 

92 

8 

Percent 

22 

61 

89 

11 

75 to 100 

50 to 100- 

OtoSO - 


From the results obtained in the Fi and F 2 generations of crosses 
between Michigan Robust and Stringless Green Refugee varieties it 
might be expected that the resistant plants from the Michigan Robust 
X Stringless Green Refugee cross would produce and maintain a high 
degree of resistance, but this is apparently not the case. The pro^ny 
test indicates that the F 2 plants of the cross Stringless Green Ref- 
ugee X Michigan Robust that were designated as resistant differed in 
composition from at least some of the resistant plants from the recip- 
rocal cross. 
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In table 5 are presented the results of inoculating Fj progenies of 
plants of the Stringless Green Refugee X Michigan Robust cross that 
were susceptible in the Fo generation. 


Table 5. — Reaction to common bean mosaic of Fz generation of susceptible {String- 
less Green Refugee) 9 X resistant {Michigan Robust) &, derived from plants 
susceptible in F 2 

STRINQLESS GREEN REFUGEE X MICHIGAN ROBUST 



F 1 plants 


F> plants 

Progeny 


Number 


Percent 

Progeny 


Number 


Percent 

no. 






no 







Test- 

ed 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 


Test- 

ed 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

40-1-1., _ 

288 

17 

271 

5,90 

94 10 

40-4-1... 

169 

11 

158 

6 61 

93. 49 

40-1-2... 

148 

9 

139 

6 08 

93 92 

40-4-2. . 

115 

3 

112 

2,61 

97 39 

40-1-3-.- 

98 

2 

96 

2 04 

97.96 

40-4-3... 

120 

3 

117 

2 50 

97. 50 

40-1-4... 

66 

1 

65 

1.61 

98 49 

40-4-4... 

49 

5 

44 

10. 20 

89.80 

40-1-5 -.- 

70 

1 

69 

1 43 

98 57 

40-4-5... 

59 

4 

55 ' 

6 78 

93 22 

40-i-0..- 

87 

0 

87 

00 

100 00 

40-4-6... 

131 

10 

121 

7 63 

92 37 

40-1-7 

40 

2 

38 

5 00 

95. 00 

40-4-7... 

32 

3 

29 

9 37 

90 63 

40-1-8.. _ 
40-1-9... 

44 

61 

4 

2 

40 

59 

9 09 

3 28 

90 91 
96 72 

41-1-9. -- 

21 

1 

20 

4. 76 

95. 24 







40-1-10.. 

16 

0 

16 

.00 

100 00 

Total - 

1,627 

79 

1, 548 

4. 86 

95. 14 

40-1-11.. 

13 

1 

12 

7 69 

92 31 
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44-1-0... 

36 

1 

35 

2 78 

97.22 

44-4-4... 

43 

17 

26 

39. 63 

60 47 

44-1-7... 

18 

2 

16 

11 11 

88 89 

44-4-5... 

33 1 

3 1 

30 

9 09 

90 91 

44-1-8... 

131 

24 

107 

18 32 

81 68 

45-1-4... 

34 

4 

30 

11 76 

88 24 

44-1-9... 

26 

10 

16 

40.00 

60.00 

45-1-6--- 

24 

3 

16 

33 33 

66 67 

44-1-10.. 

16 

6 

10 

37 50 

62.50 




— 


— 

44-3-4... 

91 

52 

39 

57 14 

42 86 

Total - 

451 

127 

324 

28 16 

71 84 


Of the 19 progenies tested, 2 (10 percent) were 100 percent sus- 
ceptible, 8 (42 percent) were 95 to 99 percent susceptible, and 9 (47 
percent) contained 90 to 94 percent of susceptible pLants. These 
results are in close agreement with what would be expected from sus- 
ceptible F 2 plants. Out of 1,627 plants tested, 79 were healthy and 
1,548 were diseased, i. e., 4.86 percent were resistant and 95.14 per- 
cent were susceptible. 

Ten progenies derived from F 2 susceptible plants of the cross Mich- 
igan Robust X Stringless Green Refugee (table 5 ) gave the following 
distribution: 1 progeny contained 97 percent of susceptible plants, 
1 contained 91 percent, 3 contained 80 to 90 percent, and 5 containecl 
43 to 67 percent of susceptible plants. Out of 451 plants tested 127 
were healthy and 324 were diseased, i. e., 28.16 percent were resistant 
and 71.84 ;^rc€nt were susceptible. 

It is evident from these results that F 3 progenies derived from sus- 
ceptible F 2 individuals of the cross resistant X susceptible contained 
more resistant plants than F 3 progenies derived from susceptible F 2 
plants of the reciprocal cross. 

In table 6 are presented the results obtained when progenies were 
kept disease-free in the Fi and F 2 generations and inoculated with the 
common bean mosaic virus in the F 3 generation. 
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Table 6 . — Reaction to common bean mosaic of generation of susceptible (String- 
less Green Refugee) 9 X resistant (Michigan Robust) cf and reciprocal, derived 
from plants uninoculated in Fi and 

STRINGLESS GREEN REFUGEE X MIGUIGAN ROBUST 


Progeny 

no. 

F3 plants 

Number 

Percent 


Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

35-1-L-- 

6 

0 

6 

0 00 

100 00 

36-1-2..- 

14 

2 

12 

14.29 

85.71 

35-1-3... 

12 

0 

12 

.00 

100 00 

35-1-4... 

8 

2 

6 

25.00 

75.00 

36-1-5.-- 

12 

0 

12 

.00 

100.00 

35—1—6 

4 

0 

4 

.00 

100 00 

36-1-1- 

10 

2 

8 

20.00 

80 00 

36-1-2... 

8 

0 

8 

-00 

100 00 

36-1-3. -- 

2 

0 

2 

.00 

100.00 

36-1-4... 

8 

2 

6 

25.00 

76.00 

36-2-1... 

12 

0 

12 

.00 

100.00 

36-2-2. - . 

22 

6 

16 

27.27 

72.73 

3&-2-3..- 

12 

2 

10 

16. 67 

83. 33 

36-2-4... 

10 

8 

2 

80 00 

20 00 

36-2-6... 

12 

2 

10 

16. 67 

83.33 

36-3-1... 

16 

2 

14 

12.60 

87.50 

36-3-2... 

18 

0 

18 

00 

100 00 

36-3-3... 

28 

2 

26 

7 14 

92 86 

36-3-4... 

26 

0 

26 

.00 

100.00 

37-2-1... 

6 

0 

6 

.00 

100.00 



Fj plants 

Progeny 


Number 


Percent 

no 







Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

37-2-2... 

7 

1 

6 

14 28 

85 72 

37-2-3... 

10 

8 

2 

80.00 

20 00 

39-1-1... 

42 

0 

42 

.00 

100.00 

39-1-2... 

8 

0 

8 

.00 

100 00 

39-1-3.. - 

4 

0 

4 

,00 

100 00 

39-1-4... 

2 

0 

2 

00 

100 00 

39-1-5... 

25 , 

1 

24 

4 00 

96 00 

39-1-6... 

21 

1 

20 

4. 76 

95 24 

39-1-7... 1 

16 

0 

16 

.00 

100 00 

39-2-1... 

9 

0 

9 

.00 

100.00 

39-2-2... 

10 

1 

9 

10.00 

90 00 

39-2-3... 

11 

0 

11 

.00 

100 00 

39-2-4... 

18 

2 

16 

11. 11 

88 89 

41-2-1,. - 

19 

1 

18 

5. 26 

94 74 

41-2-2... 

35 

1 

34 

2 86 

97 14 

41-2-3... 

9 

0 

9 

.00 

100 00 

Total . 

492 

46 

446 

9 35 

90.65 

F2 result. 
Fi result. 




1. 27 

98 73 




.00 

100 00 





MICHIGAN ROBUST X STRINQLESS GREEN REFUGEE 


44-2-1.. 

8 

4 


50 00 

50 03 

48-^1.-- 

9 

0 

9 

0.00 

100 00 

44-2-2.. 

10 

6 

4 

60.00 

40.00 

48-4-2... 

11 

2 

9 

18. 18 

81 82 

44-2-3... 

4 

2 

2 

63.00 

60.00 

48-4-3... 

9 

5 

4 

66.56 

44. 44 

44-2-4... 

3 

1 

2 

33. 33 

66 67 

43-4-1... 

6 

0 

6 

00 

100 0) 

44-3-1. -- 

7 

3 

4 

42 86 

57 14 

47-2-1--- 

8 

2 

6 

25.00 

75 00 

44-3-2. . . 

8 

2 

6 

25.00 

76 00 

47-2-2... 

14 

3 

11 

21.43 

78.57 

44-3-3. - 

1) 

7 

3 

70.00 

33 00 

47-2-3... 

22 

10 

12 

45. 46 

54.55 

44-4-1.. 1 

U 

7 

6 

63. 85 

46 16 

47-^.-.: 

9 

3 

6 

33.33 

66. 67 

44-4-2... 

6 

2 

4 

33 33 

66 67 

47-2-5... 

8 

2 

6 

25 00 

75 00 

45-1-1 ...I 

8 

1 

7 1 

12 60 

87 60 




! 

— 


— , 

45-1-2.. - 

9 

6 

4 

65. 66 

41.44 

Total - 

213 

74 

139 

34.74 

66.26 

46-1-3. - - 

6 

4 

2 

63. 67 

33 33 

Fa result. 




65. 67 

44 33 

45-1-4 

14 

2 

12 

14. 29 

85. 71 

Fi result, j 




82 35 

17 65 

45-1-6.-. 

u ! 

1 ! 

1 

n 

9. 09 

90. 91 







Table 6 gives the data obtained from 36 tested F 3 progenies of 
susceptible X resistant crosses. Eighteen (50 percent) of the prog- 
enies were 100 percent susceptible, 5 (14 percent) were 91 to 99 
percent susceptible, 7 (19 percent) were 81 to 90 percent susceptible, 
4 (11 percent) were 71 to 80 percent susceptible^ and 2 (6 percent) were 
20 percent susceptible. The last two progenies mentioned were the 
only ones that gave any considerable number of resistant plants. 
Of 492 plants tested, 446 (91 percent) were susceptible and 46 (9 
percent) were resistant. 

Twenty- three F 3 progenies of the reciprocal cross (table 6 ) gave the 
following distribution: Two (9 percent) of the progenies were 100 
percent susceptible, 1 (4 percent) was 91 percent, 3 (13 percent) were 
from 80 to 89 percent, 4 (17 percent) were from 70 to 79 percent, 3 
were from 60 to 69 percent, 4 were from 50 to 59 percent, 4 were from 
40 to 49 percent, and 2 were from 30 to 39 percent susceptible. Of 
the 213 plants tested, 74 (35 percent) were resistant and 139 (65 
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percent) were susceptible. These results tend to verify the Fi and 
Fa results indicating that the crosses involving susceptible maternal 
parents produce a preponderance of susceptible offspring, and vice 
versa. When no inoculations were made until the Fs generation 
the effect of the great-grandmaternal parent was still very evident 
though not so pronounced as in the Fi and Fa generations. It is of 
interest to note how the effect of the original maternal parent dimin- 
ishes in each succeeding generation when the progenies are kept 
disease-free until they reach the generation which is to be studied. 
This is clearly shown in the results given in table 7. 


Table 7. — Summary of tables 1, 2, and 6 


Generation 

Susceptible X resistant 

Resistant X susceptible 

Resistant 

Susceptible 

Resistant 

Susceptible 

Fi - 

Percent 

0. 00 

1 27 
9, 35 

Percent 

100 00 
98 73 
90 65 

Percent 

82 36 
55 67 
34 74 

Percent 

17 65 
44 33 
65 26 

Fs 

Fs 



It is readily apparent, from the results shown in table 7, that the 
reciprocal crosses behave very differently. When the susceptible 
variety was used as the female parent the progenies remained over 
90 percent susceptible even in the F3 generation; however, the recip- 
rocal cross was not nearly so stable in regard to mosaic resistance. 
The progenies changed from 82 percent of resistant plants in the Fj 
generation to 35 percent of resistant plants in the F3 generation. As 
may be seen from these results, there is a convergence of the reactions 
from generation to generation. The cross susceptible X resistant 
converges slowly, whereas the reciprocal (resistant X susceptible) 
converges more rapidly. It might be possible that the reciprocal 
crosses would reach the same equilibrium at some point in succeeding 
generations. 

BEHAVIOR OP CORBETT REFUGEE X STRINGLESS GREEN REFUGEE AND 

RECIPROCAL 

Corbett Eefugee X Stringless Green Refugee gave all resistant Fi 
plants, five individuals being tested. When the susceptible variety 
(Stringless Green Refugee) was used as the female parent the Fi 
plants were again resistant. Extracts of the 10 plants tested, in- 
oculated to disease-free susceptible plants, gave negative results, 
indicating that these plants were probably not carrying the virus 
in a masked condition. 

'^e results obtained in the F2 generation of Corbett Regufee X 
Stringless Green Refugee show that of the 124 plants tested 113 
were healthy and 11 were diseased, a ratio of 91.13 percent resistant 
to 8.87 percent susceptible. In the reciprocal cross (Stringless Green 
Refugee X Corbett Eefugee) (table 8) there were 269 healthy and 73 
diseased in the 342 plants tested, or 78.65 percent resistant to 21.34 
percent susceptible. 
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Table 8 — Reaction to the common bean mosaic of F2 generation of resistant {Coihett 
Refugee) $ X susceptible (Stringless Green Refugee) S' and reciprocal 

CORBETT REEUOEE X STRINGLESS GREEN REEUGEE 


F 2 plants 


Progeny 

no 

Number 

Percent 

Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

20&-1 

30 

26 

4 

86 67 

13 33 

299-2-... 

52 

45 

7 

86 54 

13.46 

309-1---- 

19 

19 

0 

100 00 

.00 

309-2 

21 

21 

0 

100 00 

.00 



Fi plants 

Progeny 

no 

Number 

Percent 


Tested 1 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

309-3-.-- 

2 

2 

0 

100 00 

0 00 

TotaL, 

124 

113 

11 

91 13 

8 87 


STRINGLESS GREEN REFUGEE X CORBETT REFUGEE 


210-1-.. . 

52 

32 

20 

61. 54 

38.46 

313-1-.- 

31 

26 

5 

83. 87 

16 13 

210-2 

44 

28 

16 

63 64 

36 36 

313-2-.. 

52 

45 

7 

86 54 

13 46 

210-3..-. 

51 

38 

13 

74 51 

25 49 

314-1 

14 

14 

0 

100 00 

00 

311-1-.-. 

20 

18 

2 

90. 00 

10 00 

314-2-. . 

23 

23 

0 

100.00 

00 

311-2... . 

10 

10 

0 

100 00 

00 




_ — 



312-1 

45 

35 

10 

77 78 

22 22 

Total . 

342 

269 

73 

78 65 

21 35 


The reciprocals in this cross are unlike, but the dissimilarity is not 
as great as it is when Michigan Robust is used as the resistant parent. 
The results are still apparently non-Mendelian. They do not conform 
to any Mendelian ratio, although the results obtained when Stringless 
Green Refugee is used as the female parent do approach a 3 : 1 ratio 
(observed, 79 : 21 percent; calculated, 75 : 25 percent). 

BEHAVIOR OF CORBETT REFUGEE X MICHIGAN ROBUST AND RECIPROCAL 

Crosses between the two resistant varieties have yielded all resistant 
Fi plants. Eleven plants from the cross Michigan Robust X Corbett 
Refugee and five plants from the cross Corbett Refugee X Michigan 
Robust have been tested. The Fi plants were self-pollinated to 
obtain material for an F 2 generation. 

Table 9 shows the results obtained in the F 2 generation of Michigan 
Robust X Corbett Refugee. There were 729 plants tested, 663 being 
healthy and 66 becoming diseased (91 and 9 percent, respectively). 
In the reciprocal cross (table 9) 374 plants were tested, 349 being 
resistant and 25 being susceptible (93 and 7 percent, respectively). 

The reciprocal crosses in this case reacted similarly to inoculations 
with the virus. However, the occurrence of susceptible plants in these 
crosses is unexpected, and if an explanation is possible for such facts 
it should help to make the findings reported in this paper more under- 
standable. 
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Table 9. — Reaction to common bean mosaic of Fn generation of resistant {Michigan 
Robust) 9 X resistant {Coibett Refugee) and reciprocal 

MICHIGAN ROBUST X CORBETT REFUGEE 



Fs plants 


Fa plants 

Progeny 


N umber 


Percent 

Progeny 


Number 


Percent 

no. 






no 







Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 


Tested 

Healthy 

Dis- 

eased 

Healthy 

Dis- 

eased 

301-1 

166 

147 

19 

88.55 

11. 45 

304-2 

40 

40 

0 

100.00 

0 00 

301-2--.. 

86 

80 

6 

93 02 

6 98 

306-1 

37 

34 

3 

91 89 

8. 11 

302-1-.-. 

154 

143 

11 

92 86 

7 14 

306-2... . 

42 

36 

6 

85 71 

14 29 

302- 2..-. 

303- 1- — 

65 

49 

61 

48 

4 

1 

93- 85 
97. 96 

6 16 

305-3 .. 

26 

23 

3 

88 46 

11 54 








303-2-.-. 

31 

23 

8 

74 19 

26 81 

Total - 

729 

6W 

60 

90 95 

9. 06 

304-1..-. 

33 

28 

5 

84 85 

15 15 








CORBETT REFUGEE X MICHIGAN ROBUST 


306-1.... 

100 

95 

5 

95 00 

5.00 

1 

308-2-.-- 

13 

13 

0 

100.00 

0 00 

306-2.. 

134 

126 

8 

94.03 

5 97 


— 








307-1.-.- 

105 

94 

11 

89.52 

10 48 

Total - 

374 

349 

25 

93. 32 

6 08 

308-1-.-- 

22 

21 

1 

95 45 

4 56 








NATURE OF THE RESISTANCE 

With the object of studying the nature of immunity in the resistant 
varieties, two plants of the Stringless Green Refugee variety just 
coming into blossom in the greenhouse were inoculated with juice ex- 
tracted from Michigan Robustplants and two individuals were treated 
with juice extracted from Corbett Refugee plants. The seed of these 
plants was harvested and planted in the greenhouse bench. The 
seedlings were treated at 10-day intervals. Plants 1 to 8 were inocu- 
lated in the two-leaf stage with juice extracted from Michigan Robust 
plants, and plants 9 to 12 were inoculated with juice extracted from 
Corbett Refugee. After 10 days the second treatment was given. 
Plants 1 to 4 were then inoculated with the mosaic virus, and plants 
5 to 8 were reinoculated with juice from the resistant Michigan 
Robust. Likewise, plants 9 and 10 were inoculated with virus and 
plants 11 and 12 were reinoculated with Corbett Refugee juice. In 
the third treatment, plants 5 and 6 were given the virus and plants 
7 and 8 were given additional Michigan Robust juice; plant 11 was 
inoculated with the virus extract and plant 12 was reinoculated with 
juice from Corbett Refugee. The fourth treatment, given 30 days 
after the firet, consisted ot inoculating plants 7, 8, and 12 with extract 
from mosaic-Aiseased plants. All the plants developed mosaic symp- 
toms within a short period following inoculation with the virus. 
These results suggest that the immunity of the Michigan Robust and 
Corbett Refugee varieties is not transferred to susceptible varieties by 
this treatment. 

The effect of grafting was also studied. Reciprocal grafts were made 
between Michigan Robust and Stringless Green Refugee, and between 
Corbett Refugee and Stringless Green Refugee, whip grafts, cleft 
grafts, and inarching being employed. The results of this experiment 
are shown in ^ble 10. In no case was the reaction of the scion altered 
by contact with the stock. Likewise, foliage produced on the stock 
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was not changed by the presence of a scion from a different variety. 
Both symbionts reacted to the virus as if they were growing as separate 
plants. 

Table 10 — Results of grafting 


stock 

Scion 

Type of graft 

Reaction of scion 
to virus 

Michigan Robust 

Do 

Strmgless Green Refugee 

_do 

Inarch 

Whip 

Susceptible 

Do 

Do 

Do 

Resistant 

Do. 

Susceptible 

Do 

Do 

Do 

Resistant 

Do 

Do. 

Do - - - 

do 

... do 

Do 

1 do - 

Cleft 

Strmgless Green Refugee 1 

Do ^ 

Michigan Robust 

do J 

Whip 

Cleft 

Corbett Refugee 

Do - . 

Stringless Green Refugee 

do . - - - 

Inarch 

Cleft 

Do - - 

.. ..do 

do 

Do ^ 

.do.. 

do 

Stringless Green Refugee.- . 

Corbett Refugee .. . . . 

do 

Do - - 

do 

do._ 

Do - - 

do.. 

Whip. 





DISCUSSION 

It is evident that the results reported here cannot be accounted 
for by a simple Mendelian explanation. In Mendelian types of 
inheritance reciprocal crosses usually react alike. The exceptions 
are cases of sex linkage, etc., which have no bearing on the present 
problem. In examining the results obtained upon inoculating prog- 
enies from Stringless Green Refugee X Michigan Robust crosses and 
reciprocals, it is found that the maternal parent determines to a 
large extent the reaction of the hybrid individuals. In the Fi gen- 
eration this influence is very marked; in the F 2 generation the effect 
is still very noticeable; in the F 3 generation the effect is not as marked 
as in the preceding generations but is still conspicuous. However, 
the effect of the pollen parent must not be overlooked. The influence 
of the paternal parent was evident in 3 out of 17 plants tested in the 
Fi generation of Michigan Robust X Stringless Green Refugee; it 
was not shown in the reciprocal cross in Fi. The effect of the pollen 
parent was more evident in all cases in the F 2 and F 3 generations. 

Fi plants from the cross Stringless Green Refugee X Corbett 
Refugee manifest the influence of the pollen parent in a significant 
way. F 2 individuals from reciprocal crosses between Stringless 
Green Refugee and Michigan Robust show a preponderant influence 
of the granomaternal parent. Likewise, when Corbett Refugee was 
used as the resistant parent more resistant F 2 individuals were ob- 
tained if the Corbett Refugee plants had been used as grandma temal 
parents. 

To explain the results obtained in reciprocal crosses between Michi- 
gan Robust and Strihgless Green Refugee it is necessary to assume 
a cytoplasmic or extranuclear influence. It is also necessary to 
assume that a portion of the cytoplasm or particular inclusions 
accompanies the male gametes at the time of fertilization.^ The 
suggestion that biparental cytoplasmic inheritance occurs in the 
bean is substantiated by the results obtained in the writer's studies 
on a variegated leaf character {15), 

In order to obtain independent evidence of the role played by the 
cytoplasm in heredity in beans, two distinct chlorophyll-deficient types 
were investigated. One of these, termed '‘yellow spot", was found 
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to behave in a simple Mendelian manner {1 ^) ; the other, called "Varie- 
gated”, provided direct evidence of inheritance through the cyto- 
plasm {15). Below is a brief summary and discussion of the results 
with the variegated character. 

All Fi plants from the variegated X normal green cross were varie- 
gated. One out of eight Fi plants from the reciprocal cross (normal 
green X variegated) showed one small variegated area; the remaining 
seven plants were green. 

In the second generation of the variegated X normal green cross, 
84 percent variegated and 16 percent normal green plants were 
obtained. In the reciprocal (normal green X variegated) 93 percent 
of normal green and 7 percent of variegated plants were found. 
These results suggest that the variegated condition is governed by the 
character of the cytoplasm and that the causal agency is introduced 
with the pollen tube at the time of fertilization. The production of 
variegated offspring by plants normal green in Fi can be explained 
by assuming a segregation or sorting out of the material which 
causes the condition during growth and cell division in the Fi plants 
and its inclusion in such proportions in some of the F 2 ovules that it 
comes to expression in the developing individual. The occurrence 
of a slight variegation in a leaf of one plant in the Fi generation of 
normal green X variegated might be explained by assuming that 
a sufficient amount of the cytoplasm (or its inclusions) was introduced 
into the egg from the pollen parent to eventually influence a small 
area of the Fi individual. 

The explanation, as outlined above, is similar to that reported by 
Baur (f , 2) and later by Noack {11, 12, 13), for -the Albomarginata 
variety of Pelargonium zonale Willd. This form, characterized by 
leaves with white margins, produces sometimes pure- white and 
sometimes pure-green branches. Reciprocal crosses between flowers 
on these two kinds of branches may result in variegated offspring. 
Baur explains the appearance of green and white tissue by assuming 
the presence of two kinds of plastids or plastid primordia, which are 
sorted out during cell division, one type of primordium giving rise 
to green plastids, the other to white or colorless plastids. Baur 
states that these plastid primordia are contributed by both parents. 

Winge {21) suggests that in those cases where variegated plants 
occur the cytoplasm in which the plastids lie is responsible for the 
defect. According to Winge the two classes of non-Mendelian 
inheritance, maternal and biparental, are due to the fact that in 
some instances paternal cytoplasm is introduced into the egg with 
the male gametes whereas in others it is not. 

Noack (10, 11, 12) also studied Pelargonium zonale. He ob- 
tained essentially the same results as did Baur, except in crosses 
with green plants. Baur reported similar results in reciprocal crosses 
with pure-green plants, but in the case of the material used by Noack 
a larger proportion of variegated plants was obtained when zonale 
plants were used as female parents. In crosses wdth green, different 
zonale plants gave rise different proportions of variegated plants 
and also different intensities of variegation. 

According to Demerec (4) neither Baur's nor Noack^s conclusions 
have sufficient support. He states {4, f. 151)i^ 

Results identical witU those obtained in the experiments would be expected 
if it is assumed that the zonale character is determined by a dominant gene which 
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becomes mutable (mutating to the gene for green) in crosses with green, or when 
the plant is heterozygous for green. Such an assumption would be supported by 
similar behavior observed in several other cases. 

He then discusses the work of Emerson {5) on variegated pericarp 
in maize in which Emerson states that the mutability of the gene for 
variegated pericarp is increased when the gene is in a heterozygous 
condition. 

Demerec further states {4, 'p. 152): 

The fact, observed by Noack, that reciprocal crosses between zonale and green 
gave different results, could be explained by the assumption that the mutability 
of the gene for white is increased when brought by the pollen nucleus into other 
than maternal cytoplasm. 

Essentially, Demerec’s hypothesis involves the assumption that 
the cytoplasm exerts an indirect effect by first influencing the gene, 
while the earlier explanations (f , 21) assume a direct influence of 

the cytoplasm. Demerec grants the non-Mendelian inheritance of a 
chlorophyll character in maize which is only transmitted through 
the maternal parent. It is possible that in certain forms the cyto- 
plasm or other extranuclear material accompanies the male gamete 
into the egg and in such cases biparental non-Mendelian inheritance 
coifld be explained without the necessity of assuming a high mutability 
of the gene when in foreign cytoplasm. 

The behavior of the variegated character can be explained entirely 
on a non-Mendelian or cytoplasmic basis, but the cytoplasmic explana- 
tion does not cover all the facts obtained in the studies on the inheri- 
tance of resistance to the mosaic virus. Apparently the immediate 
reaction of the plant is determined by the character of the cytoplasm, 
but the nature of the cytoplasm ultimately depends upon nuclear 
factors. Therefore, the phenomenon may be primarily nuclear 
though overshadowed by the effect of the cytoplasm. We must 
assume that certain genotypes change the reaction of the cytoplasm 
more rapidly than others. Such an explanation will account for the 
difference in reciprocals and for the convergence which occurs in the 
F 2 and F 3 generations. 

Considerable irregularity occurs in all generations of the cross 
Stringless Green Refugee X Michigan Robust and reciprocal. The 
fact that the reciprocal crosses react differently in each generation 
suggests a strong cytoplasmic influence on the inheritance of resist- 
ance. For example, the F 3 generation of Michigan Robust X String- 
less Green Refugee showed more susceptible plants than resist- 
ant ones in the material which had been kept disease-free until 
that time, and, in comparison with the reciprocal cross, a higher 
percentage of resistant plants from plants susceptible in F 2 and a 
higher percentage of susceptible plants from plants resistant in F 2 . 
Throughout the studies of this cross (Michigan Robust X Stringless 
Green Refugee) neither resistant nor susceptible plants have remained 
stable. Some resistant and some susceptible plants have been iso- 
lated which produce only resistant and susceptible plants, respectively, 
but the majority of the plants, as may be seen from the F 3 tables, 
produce some plants of the opposite reaction in the following genera- 
tion. This inconsistency can also be explained by assuming that the 
distribution or behavior of the cytoplasmic units responsible for the 
resistance, or governing the action of genes for resistance, is not as 
regular or as systematic in cell division as is the distribution of nuclear 
factors. 

76964—36 2 
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It is apparent that the two resistant varieties used in this investi- 
gation differ in the type of resistance carried or that the resistance is 
governed hy difPerent heritable entities in the two. At least they 
differ in ability to transmit this immunity in crosses with susceptible 

plants. . 

When Michigan Robust was used as the male parent and Stringless 
Green Refugee as the female parent all the Fi plants were susceptible 
and in the F 3 generation 90 percent of the plants were still susceptible. 
However, plants that were resistant in the F 2 generation maintained 
a high degree of resistance in the F 3 generation. Wlien Corbett 
Refugee was used as the male parent in crosses with Stringless Green 
Refugee all theFi plants were resistant and 79 percent were resistant 
in the F 2 generation. 

The appearance of susceptible plants in the Fa generation of crosses 
between the two resistant varieties is further proof that these two 
varieties differ in their heritable bases for resistance. Corbett Refugee 
was developed from a single resistant plant in a field of severely 
infected Stringless Green Refugee beans. If it is assumed that a 
dominant gene mutation occurred in this case, the following explana- 
tion is possible. Let R represent the genetic factor for resistance and 
r the genetic factor for susceptibility. The cytoplasm of Corbett 
Refugee in the absence of the genes for resistance is susceptible (i) 
to the virus, and the cytoplasm of Michigan Robust is immune (J) 
to the virus. The assumed genetic and cytoplasmic constitution of 
Corbett Refugee is RR{i), and of Michigan Robust, rr{I). When 
these two varieties are crossed the Fi is resistant, owing almost if 
not entirely to the genetic factor R when Corbett Refugee is used 
as the female parent, and to the presence of the resistant factor and 
also resistant cytoplasm (!) when Michigan Robust is used as the 
female parent. In the F 2 generation, with a monohybrid segregation, 
we obtain 1 RR : 2 Rr : I rr. However, contrary to expectation, the 
homozygous recessive individuals are not all susceptible, because 
some of these individuals have received resistant cytoplasmic factors 
from the Michigan Robust parent. Therefore we have a deficiency 
in the homozygous recessive class no matter which way the cross is 
made. 

The above assumption that Corbett Refugee carries genetic factors 
for resistance does not completely exj^ain the results obtained in the 
reciprocal crosses between Corbett Refugee and Stringless Green 
Refugee. If the genetic constitution of Corbett Refugee is RR and 
that of Stringless Green Refugee is rr, then the Fj should be resistant 
and a ratio of 3 resistant to 1 susceptible should be obtained in F 2 . 
The Fi results obtained are as expected. In the F 2 the results 
obtained are not in agreement with the expected results, Corbett 
Refugee X Stringless Green Refugee (observed, 113 : 11 ; calculated 
on 3 : 1 basis, 93 : 31), deviating by 20 from the expected, and 
Stringless Green Refugee X Corbett Refugee (observed, 269 : 73; 
calculated^ on 3 : 1 basis, 256.5 : 85.5), deviating by 12.5 from the 
expected, in favor of the resistant class. The numbers involved in 
this cross are small, and it is possible that if larger numbers were 
available the results would more closely approximate a 3 : 1 ratio. 
It is not improbable, however, that there is some other underlying 
reason for the occurrence of a larger number of resistant plants than 
was to be expected under the explanation just given. 
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The complete explanation and understanding of the foregoing 
results may be linked with an explanation and understanding of the 
existence of so-called ‘Holerant^^ bean varieties, or varieties which are 
fairly easily infected with the virus but which do not ordinarily de- 
velop sj^mptoms that can be readily identified. It is difficult to study 
progenies from crosses between tolerant varieties and either suscep- 
tible or resistant varieties, because of the difficulty in distinguishing 
the tolerant plants in a hybrid population. 

As the complex plant viroses become better understood a technique 
may be developed whereby crosses between tolerant and resistant 
(or susceptible) varieties can be studied. Such crosses should give 
further evidence on the method of inheritance of resistance to the 
common mosaic virus in the bean."^ 

SUMMARY 

Reciprocal crosses between the mosaic-resistant Michigan Robust 
and susceptible Stringless Green Rufugee varieties of beans reacted 
quite differently to the mosaic virus employed in these studies. It 
was found that the maternal parent governs to a large extent the re- 
action of the hybrid offspring. 

In the Fi generation, all plants were susceptible from the cross 
Stringless Green Rufugee 9 X Michigan Robust cT, and 82 percent 
were resistant from the cross Michigan Robust X Stringless Green 
Refugee. 

The influence of the grandmaternal parent was still very evident 
in the F 2 generation. From the cross Stringless Green Refugee X 
Michigan Robust, 99 percent of the Fg individuals were susceptible 
to mosaic, whereas 56 percent of the individuals from the reciprocal 
cross were resistant. 

In the F 3 generation the reciprocal crosses were still very different. 
From the cross susceptible X resistant, 91 percent of the individuals 
were susceptible and 9 percent were resistant. In the reciprocal 
cross (resistant X susceptible), 35 percent of the F 3 offspring were 
resistant and 65 percent were susceptible. Throughout the three 
generations studied there is evidenced a very marked convergence of 
results. 

By studying F 3 individuals derived from plants of known reaction 
in F 2 , it was found that some plants classified as resistant in F 2 gave 
rise to both susceptible and resistant plants in F 3 and also that plants 
susceptible in F 2 gave rise to some resistant plants in F3. 

These results cannot be explained on a simple Mendelian basis, be- 
cause the reciprocal hybrids react differently. To explain the fact 
that the maternal parent determines to a large degree the reaction 
of the hybrid individuals it is assumed that the cytoplasm or some 
extranuclear inclusion governs the immediate reaction of the plant 
to the virus. The convergence of the results from reciprocal crosses 
in the F 2 and F 3 , however, points to the conclusion that the ultimate 
control is nuclear but that there is a delayed expression of the action 
of the genes. The further assumption is necessary that certain geno- 
types^change the reaction of the cytoplasm more rapidly than others. 

• 7 The writer has found no parallel in the literature of plant genetics to the behavior described here for the 

inhentance of resistance to common bean mosaic Since this paiier was submitted for publication, however , 
his attention has been drawn to an apparently similar case in mice studied by Little (5). Little found a 
marked difference in reciprocal crosses between a high tumor line and a low tumor line, and there is an 
indication, at least, of convergence of the reciprocals in Fj. 
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Corbett Eefugee, a second resistant variety, was used in crosses 
with susceptible Stringless Green Refugee and with resistant Michigan 
Robust. The Fi generation of Corbett Refugee X Stringless Green 
Refugee and the Fi generation of the reciprocal were indentical, all 
individuals being resistant. In the F 2 generation there was a differ- 
ence in the reciprocal crosses. From the cross Corbett Refugee X 
Stringless Green Refugee 91 percent of the F 2 individuals were re- 
sistant and 9 percent were susceptible. In the reciprocal cross 79 
percent were resistant and 21 percent were susceptible These re- 
sults are apparently non-Mendelian also; they do not conform to any 
Mendelian ratio, although the results obtained when Stringless Green 
Refugee is used as the female parent do approach a 3 : 1 ratio. 

Crosses between the two resistant varieties yielded all resistant F^ 
plants. In the F 2 generation, however, there were 7 percent suscepti- 
bles from Corbett Refugee X Michigan Robust and 9 percent sus- 
ceptibles from Michigan Robust X Corbett Refugee. From these 
results it is quite evident that the two resistant varieties differ in their 
bases for resistance, or at least that they differ in ability to transmit 
this resistance in crosses with susceptible plants. 
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RELATION OF STOMATAL FUNCTION OF WHEAT TO 
INVASION AND INFECTION BY LEAF RUST (PUCCINIA 
TRITICINA)^ 

By Ralph M. Caldwell, associate pathologist^ and G. M. Stone, formerly agentj 
Division of Cereal Crops and Diseasesj Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

Experience in culturing leaf rust of wheat {Puccinia triticina Eriks,) 
has shown that abundant infection of the host follows inoculations 
made in totally dark humidity chambers. Loftfield (8) ^ and Hart (6) 
found that stomata of wheat close and remain closed in darkness, while 
Hart (6) reported that stem rust (P. graminis tritici Eriks, and Henn.) 
cannot enter closed stomata. If, therefore, the stomata of the wheats 
used in studying leaf rust reacted as did those reported by Loftfield 
and Hart, it would be apparent either that leaf rust, in contrast to 
stem rust, can enter a completely closed stoma, or that closure com- 
monly is insufficiently complete to exclude the entry hyphae of this 
rust. Studies were undertaken to afford information on this and 
related questions. A preliminary report on these investigations has 
been published (4). 


MATERIAL AND METHODS 

In the first section of this work the number of entries of the fungus 
into the host was judged indirectly by the number of pustules appear- 
ing on leaves within 10 days after inoculation. Parallel inoculation 
trials were conducted in a lighted and in a dark humidity chamber, 
which were held in a common water bath at a relatively constant 
temperature of 21° C.±l^. The lighted chamber received sunlight 
filtered through a tray of running water, with supplementary illumi- 
nation from a 500-watt incandescent lamp suspended 12 inches above 
the plants on cloudy days. 

Inoculation methods were adapted to provide as uniform distribu- 
tion of inoculum as possible simultaneously over the entire series of 
plants used in a single experiment. In the experiments with seedlings 
the first leaf of each plant was used exclusively, while younger leaves 
were excised before inoculation. For each variety, 10 leaves were 
inoculated in light and 10 in darkness. The plants to be used were 
grouped together on the floor, and rust spores were showered upon 
them by shaking heavily infected plants above them at a height of 2 
to 3 feet. They were atomized with water in the evening and placed 
in the humidity chambers for 24 hours, where they were kept continu- 
ously moist by repeated atomizing. They were then removed to the 
greenhouse bench to dry off either in darloxess or in very weak light. 
Records of infection were made after about 10 days either by counting 
the pustules and measuring the length of each leaf or by estimating the 

1 Received for publication Dec 12, 1935. issued July 1936 Cooperative investigation of the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Botany 
Dep^ment of the Purdue University Agricultural Experiment Station. 

* Reference is made by number (italic) to Literature Cited, p 932. 
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percentage infection by the scale adopted by the United States Depart- 
ment of Agriculture, 

Where the pustules per leaf were counted, the standard errors for 
an inoculation series comprising several varieties were computed by 
obtaining the deviations from the mean of each variety. A common 
standard error for each inoculation trial was calculated for each group 
in the dark and in the illuminated humidity chambers. 

In a part of this study, entry was studied directly by microscopic 
examination of the epidermis of the first seedling leaf, a portion of 
which was stripped from both the dorsal and the ventral leaf surfaces 
after the inoculated leaf had been held in the humidity chambers the 
length of time required for spore germination and for the formation of 
appressoria or substomatal vesicles. The dorsal surface was more 
frequently used because of the greater facility in removing the epider- 
mis. A little practice made it possible to secure strips of epidermis 
the width of the entire leaf and from 1 to 2 inches long. ^ These strips 
were immediately immersed in absolute alcohol containing the stain 
fast green. Lloyd (7) showed that by this technique the stomatal 
apertures could be preserved exactly as they were before removal of the 
epidermis. This was confirmed in the present study by careful 
observation and coimts on marked sections of leaf before and after 
removal and fixation of the epidermis. By application of Lloyd's 
technique the relation of rust entry to stomatal aperture was studied 
directly. Fast green, an alcohol-soluble dye, was particularly suited 
to the study, since it stains the fungus more deeply than the host tissue. 
In such preparations the stomatal aperture, appressoria, substomatal 
vesicles, and infecting hyphae could be clearly seen. Gibson (5) 
stripped off the epidermis of leaves of various plants to study the entry 
of rusts into species other than their own hosts, but gave no considera- 
tion to stomatal function. 

The cultures of leaf rust used in this work were pure clonal lines, 
cultured from either single spores or single uredia. Au were repeatedly 
tested for purity on the standard differential varieties of Mains and 
Jackson {9). 

The following varieties of wheat were used in the infection and 
entry studies: Spring varieties, Hope (C. I.^ 8178), Little Club (C. 1. 
4066), Marquis (C. 1. 3641), Kota (C. I. 5878), Norka (C. I. 4377), 
Progress (C. I. 6902), and Webster (C. 1. 3780); winter varieties, 
Michigan Amber selection 29-1-1-1, Gladden selection 455-1, and 
Kanred (C. I. 5146). 

EXPERIMENTAL RESULTS AND OBSERVATIONS 

RELATION OP LIGHT AND DARKNESS TO STOMATAL APERTURE 

As shown by Loftfield {8) and confirmed in these studies, stomatal 
movements of the wheat plant in response to light are regular, the 
stomata opening only when the plants are illuminated and closing 
very soon in darkness. ^ In the present study, direct observations 
throughout 24-hour periods were made up^on the stomatal behavior 
of outdoor-grown seedlings of Gladden, Kota, Marquis, Michigan 
^^ber, and Progress wheats kept continuously supplied with abun- 
dant moistu re. These seedlings were subjected to complete darkness 

3 C. I denotes accession number of the Division of Cereal Crops and Diseases. 
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and a saturated atmosphere at various times and for various periods 
of the day to ascertain whether the stomata ever opened in darkness 
under conditions of abundant soil moisture and high atmospheric 
humidity, which might be thought to favor such behavior. In those 
cases where the stomata were open when the plants were subjected 
to the above conditions they closed regularly within 15 minutes, 
although some reacted more promptly than others. Such closed 
stomata failed to open again in darkness, although those of the check 
plants in light maintained the characteristic daily response. If the 
stomata were closed when the plants entered the chambers they 
remained closed throughout their confinement in the dark. When 
the plants are held in darkness for 24 hours the stomata usually fail 
to open normally when first again exposed to light and may require 
considerable illumination before they resume their normal response 
to light. Certain stomata appear to be dead or nonfunctional. These 
have invariably been found to be closed. 

The stomata of mature field plants of the varieties Harvest Queen, 
Michigan Amber, Leap, Kharkof, and Turkey were observed at 8:30 
a. m. and 1 p. m. during the period from May 12 to 29, 1933, during 
which period there was abundant soil moisture. It was found, con- 
trary to Loftfield^s observations (5), that within a limited range all 
the stomata of a leaf reacted as a group, opening in like degree or 
closing simultaneously, according to environmental conditions, 
although on certain days little opening occurred. 

Many other observations involving many inoculation trials have 
been made, but in no case have stomata been found to be open in 
plants kept in darkness, while in plants exposed to light in the usual 
manner the stomata have been found to open regularly on exposure 
to sunlight or to artificial illumination of sufficient intensity. The 
foregoing observations would seem to indicate that the stomata of 
the experimental plants remain closed throughout any period in 
which they are kept in darkness. Furthermore, it appears from 
microscopic observation of prepared epidermal strips and of the living 
leaf that when a stoma of a normal wheat plant closes there remains 
not even a small crevice between the guard cells through which a 
hypha of a rust fungus may enter without overcoming the pressure 
exerted by these cells. Thus, by determining the abundance of infec- 
tion resulting from inoculations made under conditions of light and 
darkness and checking sample leaves for stomatal condition, it is 
possible to ascertain the relation of open and closed stomata to 
infection. 

INFECTION FOLLOWING INOCULATION OF FIRST SEEDLING LEAVES HAVING OPEN 

OR CLOSED STOMATA 

To determine whether the open or closed condition of stomata at 
the time of host entry by leaf rust has any effect on the abundance 
of infection, the following inoculations were made: The first seedling 
leaves of the winter wheats Gladden, Kanred, and Michigan Amber 
and of the spring wheats Kota, Marquis, and Progress were inocu- 
lated in the evening with each of the forms 9, 55, and 56. The plants 
,wel‘e atomized with water and placed in a common dark humidity 
chamber until morning, when they were separated into two groups, 
one of which was placed in the lighted and the other in the dai»k 
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humidity chamber described above. The stomata in the lighted 
chamber were found to open in each trial, while those in the dark 
chamber remained closed. Tliis simulated the condition of evening 
dew followed by morning opening of stomata in the light, as con- 
trasted with continued closure of stomata. The plants were removed 
to the greenhouse bench the following evening. 

With odds of 19 to 1 as the criterion of significance, there were 
only 15 out of a total of 36 comparisons in which a significant dif- 
ference in number of pustules occuiTcd (table 1). Of these 15 sig- 
nificant differences, 9 resulted in a greater infection in the lighted 
chambers and 6 in the dark chambers. Considering the fact that 
no open stomata have been observed on plants in the dark cham- 
bers, these data indicate no fundamental difference in the capacity 
of these forms of leaf rust to enter closed or open stomata of the 
six varieties of wheat studied. Such significant differences as were 
recorded appear to have been due to failure to distribute the in- 
oculum uniformly over the experimental plants. 


Table I.- — Effect of open and closed stomata at time of stomatal entry on infection 
of first seedling leaf of 6 wheat varieties hy Puccinia iriticinaj physiologic forms 
9, 55 y and 56 


Variety 

Trial 

no. 

Pustules,! under indicated stomatal condition, of physiologic* form no. — 

9 

1 

55 

56 

Sto- 

mata 

open 

Sto- 

mata 

closed 

Difference* 

drS.E 

Sto- 

mata 

open 

Sto- 

mata 

closed 

Difference * 
drS.E 

Sto- 

mata 

open 

Sto- 

m'lta 

closed 

Difference 

Gladden 

Kanred 

Kota 

Marquis 

Michigan Amber 

Progress 

AvOTage 

il 

ii 

{ 2 
{ ^ 

Num- 

ber 

11 6 
15 0 
11 0 
18 0 

7 4 
22 1 
14.0 

9.0 
22 6 
10 8 

9. 1 
10 5 

Num- 

ber 

11 9 
14 1 

9 1 
16 2 

5 9 

21.3 

15.4 
12.8 
14 9 

9.6 
13 8 

9 2 

Number 

-0 3±1 64 
-t- 9±1 06 
-hi. 9=fcl. 64 
-hl.Szfcl 06 
-hi 5rlrl 64 
-h. 8=fcl. 06 
-1. 4±1. 64 
-3 8±1.06 
-h7.6±l 64 
-hl.2±l.06 
-4. 7±1. 64 
-hi 3d=l 06 

Num- 

ber 

30,6 

7 1 
43.2 
8.9 1 

24.9 
7.8 

23 4 

4 5 
25 1 

5 9 

30.9 

6 6 

Num- 

ber 

31 2 1 
8.4 i 
31 2 

7.6 
29 9 

6.7 

30.0 
4.3 

28 7 
6.0 

16. 1 

6 6 

Number 
-0. 6±1 66 
-1 3± 85 
-(-12.0dbl 66 
-hl.3± 86 
-6 Orfcl. 66 
-hi Ii .85 
-6. 6±:l. 66 
+ 2=b . 85 
--3.6±1 66 
-.\± .86 
+14.8±1 66 

0 

Num- 
ber i 
8.0 
10 7 
7.6 
6.2 1 
4 0 

6. 1 

8. 1 
as 

8 9 
7.6 
12.9 

6. 6 

Num- 

ber 

8.6 

13.7 

6 2 

3.7 

4 6 
4.9 
4.6 

7.8 
6.2 
8.0 
11.8 

5 0 

Number 

-O.CrtO 64 
-3 0± 86 

1 + 1. 4d= .64 
+2 6± .85 
-.6d: .64 
+ 1.2^:: .86 
+3.6± .64 
+ 5± .8.5 
+2.7± .64 
-.6:1: .86 
+ 1 1+ .64 

1 + 1. 6± 85 

13 4 

12.9 

+ . 6± . 56 

18.2 

17.2 

+ 1 Q=fc . 53 

7.9 

1 

7.1 

+ . 8± 31 


1 Mean number per linear centimeter of leaf for 10 leaves. 
• Open minus closed. 


Since inoculations at 21° C. showed no effect of open or closed 
stomata on the abundance of infection, the question arises as to 
k whether this is true at other temperatures. Therefore a group of 
P spring wheat varieties was iaoculated with form 9 under conditions 
of open and closed stomata as in the above experiments at the tem- 
peratures 15°, 22°, and 29°, controlled to ± 1° (table 2). The trials 
at each temperature involved a single experiment. The abundance 
of infection was estimated on the scale of percentage of possible in- 
fection. Very little infection occurred at 29° with stomata either, 
open or closed. Abundant infection took place at 15“ and 22° but 
there were no consistent differences in infection at either tempera- 

( 
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ture between plants inoculated in the open or in the closed stomatal 
condition. 

Table 2.^Relation oj temperature to infection by physiologic form 9 resulting from 
inoculations of first seedling leaf with stomata open and closed 


Infection under indicated stomata, condition at— 



Variety 

15° 

C 

22° C 

29° 

C 



Stomata 

open 

Stomata 

closed 

Stomata 

open 

Stomata 

closed 

Stomata 

open 

Stomata 

closed 


Percent 

35 

Percent 

35 

Percent 

Percent 

Percent 

Percent 


45 

25 

35 

60 

Trace 

Trace 


80 

80 

90 

85 

Trace 

Trace 

Webster... ... - . . . 

66 

35 

80 

86 

Trace 

Trac? 

Norka ^ - - 

75 

90 

Trace 

Trac • 





I Hope was inoculated only at 16° and Norka only at 22° and 29®. 


INFECTION BY SINGLE UREDIUM CULTURES THAT HAD BEEN CONTINUOUSLY 
PROPAGATED SINCE COLLECTION, BY INOCULATIONS IN LIGHT 

The question arises as to whether all strains of Puccinia triticina 
occurring in nature are as capable of infecting when entry must occur 
through closed stomata as were the cultures of forms 9, 55, and 56 
considered above. Since these three cultures had been propagated for 
several years without light during the period of stomatal entry, it 
seemed possible that they might have been unknowingly selected 
because of their ability to effect abundant entry in darkness. There- 
fore 15 single-uredium cultures, from collections made in 9 different 
States in 1932, which had been continuously propagated by inocula- 
tions in light from the time of collection, were tested for capacity to 
infect the first seedling leaf of Gladden, Michigan Amber, and Progress 
wheats having open or closed stomata during the period of stomatal 
entry. The conditions of open and closed stomata were brought 
about as in the above experiments. The results given in table 3 are 
the estimated percentages of infection. These cultures were found 
to comprise seven different physiologic forms and are fairly repre- 
sentative of those prevalent in the eastern part of the United States 
in 1932. There is no evidence that the initial open or closed condi- 
tion of the stomata at the time of appressorium formation had any 
effect on the amount of infection by any of these cultures. 
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Table 3 — Effect of open and closed stotnata at time of siomatal^ entry on ynfeciion 
of first seedling leaf hy 16 single-uredium cultures of Puccinia triticina :hat, 
after collection, had been continuously propagated by inoculation in light 


Place of collection 

Physio- 
logic 
form no 

Infection under indicated stomutal condition on— 

Gladden 

Michigan Amber 

Progress 

stomata 

open 

Stomata 

closed 

Stomata 

open 

Stomata 

closed 

1 

Stomata 

open 

Stomata 

closed 



Percent 

PerceTd 

Percent 

Percent 

Percent 

Percent 

East Lansmg, Mich 

9 

30 

30 

30 

30 

30 

30 

Marion County, Ind 

15 

25 

26 

60 

36 

76 


Elk Creek, Va.. 

15 

15 

15 

15 

15 

16 

25 

Statesville, N. 0 

15 

60 

60 

50 

50 

75 

75 

Moultrie County, III 

39 

65 

75 

65 

75 

65 

05 

Gamesville, Fla 

55 

75 

75 

60 

75 

75 

lb 

State College, Pa - 

66 

30 



50 

40 

40 

Columbus, Ohio 

56 

85 

85 

75 1 

lb 

85 

85 

La Fayette, Ind 

66 

75 

75 

^5 

lb 

90 

50 

Elkhart, Ind 

56 

20 

60 

60 

60 

30 

60 

Vanderburgh County, Ind 

56 

20 

40 

60 

40 

65 

50 

Raleigh, N. C 

56 

50 

60 

50 

50 

50 

50 

Experiment, Qa 

60 

50 

50 

50 

50 

50 

50 

Allen County, Ohio 

61 

10 

15 

35 

35 

50 

40 

Fairfield County, Ohio 

61 

15 

15 

60 

15 

45 

35 

Average 


41,7 

46.7 

61,7 

48.7 

56.0 

50, 3 


INFECTION RESULTS WITH MATURE PLANTS 

In extensive testing of leaf rust resistance of mature wheat plants 
during the winter months in the greenhouse at La Fayette, Ind., 
heavy infection has usually been secured. The conditions during the 
period of possible fungus entry were such that it seemed reason aWe 
to assume that entry took place through closed stomata. Thus, it 
has been the practice to shower the plants with inoculum at about 
4:30 p. m., wet them with a fine spray of water, and cover with several 
layers of wet muslin cloth. The cloths were removed between 8 and 
9 a. m. the next day and the plants allowed to dry at once. Since 
more than an hour of daylight is necessary to cause stomatal opening 
during the winter, it appears that the stomata usually remained 
closed until the moisture had evaporated from the plants. Further 
evidence that entry was effected before the plants were uncovered 
was obtained with a large series of mature plants in which abundant 
infection occurred, even though the wet plants were heavily dusted 
with sulphur for mildew control immediately following removal of 
the muslin cloths. Other experiments relating to the control of 
cereal rusts by the application of sulphur dust indicate that but 
little infection occurs after such treatment. 

Mature Kota and Marquis wheat plants, in duplicate series of 15 
plants each, were inoculated with physiologic form 56 and exposed to 
fight and to darkness at 21° C. during the period of stomatal entry. 
Modera^ly abundant infection occurred from inoculations in the 
light, with slightly less from those in darkness — a result not unlike 
that obtained with seedlings and reported above. 


t 
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FAO^LITY OF ENTRY THROUGH INITIALLY OPEN OR CLOSED STOMATA AS DETER- 
MINED DIRECTLY BY SUBSTOMATAL VESICLE COUNTS 

In the experiments described above, the ability of Puccinia triticina 
to enter the host stomata was inferred from the abundance of infection. 
This method is subject to inaccuracies incident to unequal distribu- 
tion of both inoculum and moisture on the leaves. These defects 
were eliminated almost entirely by the technique described above, 
wherein the epidermis was stripped from the inoculated leaves and 
examined directly with the microscope to determine the percentage 
of appressoria that had effected entry. 

Triplicate trials with physiologic form 55 on Michigan Amber were 
made by this method. The first leaves of seedling plants grown in 
the greenhouse were inoculated at 2:30 a. m. to insure abundant 
germination following the opening of the stomata. Some of the 
plants were placed in the dark and some in the lighted inoculation 
chamber. In the latter the stomata opened wide the next day and 
remained so until 4 p. m., when the epidermis was stripped. In the 
dark chamber the stomata remained closed aU day. Unpublished 
data by the junior writer indicate that with, physiologic form 55 
stomatal entry occurs most abundantly between 6 and 12 hours after 
inoculation. It may therefore be assumed that in this experiment 
the majority of appressoria developed after the stomata had opened 
in the lighted chamber and over closed stomata in the dark chamber. 
By systematic inspection of the strips of epidermis the percentages of 
those appressoria from which entry had occurred were determined, 
and the results are presented in table 4. It will be seen that on leaves 
with open stomata an average of 89.8 percent of the appressoria had 
effected entry at the time of stripping, while, on leaves with closed 
stomata, 85.3 percent had succeeded. The difference seems insignifi- 
cant in view of the high percentage of entries. 

Table i.—Effect of open and closed stomata on stomatal entry by Puccinia triticina, 

physiologic form 55, in Michigan Amber wheat as determined by suhstomatal- 

vesicle counts 


Inoculation trial no. 

Stomata open 

Stomata closed 

Appressoria 
not effect- 
ing entry 

Appressoria effect- 
ing entry 

Appressoria 
not effect- 
ing entry 

Appressoria effect- 
ing entry 

1 

Number 

15 

19 

15 

Number 

116 

135 

181 

Percent 
88 5 
87.7 
92 3 

1 Number 

32 

24 

28 

Number 

165 

157 

176 

1 Pircent 
82.9 
86.7 
86 3 

2 

3 

Total 

49 

431 

89.8 

84 

488 

85.3 


MODE OF ENTRY AND ITS RELATION TO STOMATAL APERTURE 

A study was made of the mode of stomatal entry into the first 
seedling leaf of plants of Gladden, Kanred, Kota, Marquis, Michigan 
^j^ber, and Progress wheats by 18 cultures of Puccinia triticina. 
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These cultures, collected from several different States, comprised -tlie 
physiolo^c forms 9, 15, 39, 55, 56, 60, and 61. Epiderinal strips, 
prepared as already described, were examined. Observations were 
made with respect to the entire sequence of development, from spore 
germination through the formation of the appressorium, the infecting 
hypha, and the first haustorium mother cell. 

The formation of appressoria has been observed to occur exclusively 
over stomata. As shown by Allen (^), more than one appressorium 
may occupy a single stoma (fig. 1). Instead of producing a normal 
entry hypha, an occasional appressorium may develop a small vesicle 
on the surface of the leaf, similar in appearance to a substomatal 
vesicle. This, in turn, may produce a hypha similar in appearance 
to an infecting hypha, but on the leaf surface. The appressorium 
usually is formed upon one end of the stoma (fig. 2, B), but occa- 


abed b d c e f a 

i . I ! I I ( I f. 



Figure 1 —Stoma of Michigan Amber wheat showing entry from two appressoria of Piicdnia triUcina 
physiologic form 56; a, Germ tube of urediospore; 6, walls of empty appressoria; c, slits between guard 
cells forced open by entry of the rust, d, substomatal vesicles filled with protoplasm, e, aocessor^y cell of 
stoma, /, guard cell of stoma, f?, cell of epidermis Drawing (semidiagrammatic) made with the aid of the 
camera lueida. X #875 


sionally it may be found near its center (fig. 3, J9). Entrance never 
has been found to occur directly from a germ tube without the forma- 
tion of an appressorium. 

Although the appressorium may begin to form over an open stoma 
the latter soon closes, even before the appressorium is fully developed 
ifig. 2, A). Where appressoria form over closed stomata m darkness, 
fee occupied stomata fail to open when the plants are again illumi- 
pat^ (fig. 2, B). In observations of hundreds of appressoria on 
strips of epidermis with normally open stomata, no instance has 
been found where a mature appressorium occupied a stoma that was 
more than very slightly open, and these latter cases were very rare. 

Closure of stomata occupied by rust was shown to occur prior to 
entry in strip of epidermis of six wheat varieties inoculated with 
Puccinia tritidna phyriologic forms 55 and 56 (table 5). The strips 
were taken 6 to 8 hours after inoculation, before many entries hf^ 
occurred and after exposure of the inoculated plants to light in ti<e 
humidity chamber for from 3 to 4 hours. This was sujficient light * 
to cause opening of a majority of the unoccupied stomata. On the . 
epidermal strips the appressoria that have effected entry can be J 




FiOUBE 2. — A, At right, photomicrograph of an immature appressonum of Puccinia triticina physiologic 
form 9 over a closed stoma of the first seedling leaf of a Michigan Amber wheat plant. This appressorium 
pMbably began to form while the stoma was yet open. At left, an open, unoccupied stoma. X about 
-jis. B, At right, similar to A, except that the appressorlum is mature and probably was formed at 
‘n^t over a closed stoma which failed to open in the morning Entry has not yet occurred. X about 
396. At left, an open, unoccupied stoma. C, At right, similar to A, but with Uromyces tiifoHi X 
about 395 At left, an open, unoccupied stoma. 
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disUnguished readily from those that have not by the empty ap- 
‘ pressiorium wall and by the dark-staining substomatal vesicle (fig. 4, 
A). The stomata of all six varieties apparently reacted alike to the 
appressoria in closing prior to entry by the fungus. Of a total of 
618 observations of individual appressoria of physiologic form 55, 
615 had caused the underlying stomata to close, while 3 had per- 
mitted a very narrow slit to persist. Of the unoccupied stomata 
observed on the same epidermal strips, 94 percent were open. The 
behavior of the six wheat varieties was almost identical. Similar 
results were obtained from physiologic form 56. 


Table 5. — Effect of appressoria of Puccinia triticina physiologic forms 55 and 56^ 
prior to entry ^ on stomatal function of first seedling leaf of wheat ^ 



Inoculated with P triticina physiologic 
form 55 

Inoculated with P triticina physiologic 
form 56 

Variety 

Occupied stomata 

Unoccupied stomata 

Occupied stomata 

Unoccupied stomata 


Closed 

Open 

Closed 

Open 

Closed 

Open 

Closed 

Open 


Num- 

Num- 

Per- 

Num- 

Num- 

Per- 

Num- 

Num- 

Per- 

Num- 

Num- 

Per- 


her 

her 

cent 

her 

her 

cent 

her \ 

her 

cent 

her 

her 

cent 

Michigan Amber 

118 

0 

0 

28 

472 

94 4 

164 

0 

0 

18 

682 

97 4 

Gladden 

h2 

2 

3 13 

65 

838 

92 8 

66 

1 

1.49 

44 

466 

91 4 

Kanred 

75 

0 

0 

42 

668 

94.0 

83 

0 

0 

93 

707 

88.4 

Kota.- 

126 

1 

.79 

42 

858 

96.3 

46 

0 

0 

11 

389 

97.3 

Marquis 

86 

0 

0 

49 

651 

93 0 

28 

0 

0 

13 

387 

96.8 

Progress 

148 

0 

i 0 

68 

942 

94.2 

32 

0 

0 

22 

400 

94.8 

Total 

615 

3 

49 

284 

4,419 

94 0 

418 

1 

24 

201 

*3, 031f 

93. 8 


' Plants were held m illuminated humidity chambers following inoculation until the time of stripping. 


Following stomatal entry and subsequent transfer of the proto- 
plasm from the appressorium to the substomatal vesicles or infecting 
hyphae, the stomata still fail to open when exposed to light. In 
table 6 data are given from Michigan Amber plants, inoculated with 
physiologic form 55, from which the epidermis was stripped about 
18 hours after inoculation and after unoccupied stomata had been 
induced to open in the light. No attempt was made to determine 
whether entry had been effected from each appressorium observed, 
but it was obvious that all but a very few appressoria were empty. 
Of 536 stomata occupied by appressoria and presumably entered, 
535 were tightly closed while 1 possessed a narrow slit. Of 1,641 
unoccupied stomata on the same strips of epidermis, 86.6 percent 
were open. 


EXPLANATORY LEGEND FOR FIGURE 3 

A, Photomicrograph of a stoma of the seedling leaf of Michigan Amber wheat entered by Puccinia 
triticina physiologic form 9 near one end of the stoma a, Stomatal slit opened by the fungus; 6^ wall 
of empty appressorium; c and d, nuclei of an accessory cell and epidermal cell, respectivdy, that 
have become oriented near the point of entry. X about 707. B, Similar to A, with physiologic form 66, 
but entry occurred at the approximate center of the stoma, a, Wall of empty appressorium; 6, stomatal 
slit opened by the fungus; c and d, nuclei of an accessory and epidermal cell, respectively, that have 
beoeme oriented near the point of entry. X about 707. C, A normal stoma of Michigan Amber closed 
jaroarfeness, no opening present. X about 707. D, A minute slit in an abnormal stoma, adjacent to 
in C, in which the accessory cell has been replaced by a hair cell, preventing the norrdal dosing of 
the stoma. X about 707. 


76964—36 8 
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Ta^le 6. — Effect of Puccinia triticina physiologic form 55^ subsequent to entry, on 
sto mat al function of first seedling leaf of Michigan Aw,ber wheat 


Inoculation trial no. 

Stomata entered 

Stomata unentered 

Stomata 

clased 

Stomata open 

Stomata 

closed 

Stomata open 

1 

Number 

252 

154 

129 

Number 

1 

0 

0 

Percent 

0 4 

0 

0 

Number 

180 

18 

22 

Ntimber 

626 

330 

465 

Percent 

77 7 
94 8 
95. 5 

2 

3 

Total 


535 

1 

.2 

220 

1,421 

86 6 


The direct observation of the effect of the living appressoria on 
stomata of hving plants was facilitated by the use of a Leitz Ultro- 
paque microscope. For this work wheat seedlings were grown in 
small glass vials and the whole was mounted on the mechanical stage 
of the microscope. The seedling leaves were inoculated with leaf 
rust and were examined after the urediospores had germinated, and 
the unoccupied stomata were induced to open in light. Many 
stomata occupied by appressoria were observed and all were com- 
pletely closed, while neighboring unoccupied stomata were very 
largely open. 

The entry hypha from the appressorium apparently exerts a 
pressure in pushing through between the closed guard cells. In 
many cases where the stomata were favorably oriented and the con- 
tents of the appressoria had moved into the substomatal vesicles or 
infecting hyphae, it was possible to see clearly, through the trans- 
parent appressorium, the minute lens-shaped opening between the 
guard cells, apparently produced by the force of the entry hypha 
(figs. 1 and 3, A, B), The entries shown in figures 1 and 3, A, are 
at the usual point of entry, i. e., at the ends of the stoma. Figure 
3, B, however, shows a case where entry was effected at the center 
of the stoma. 

The study of strips of epidermis fixed in alcohol and of the living 
leaf by means of the Leitz Ultropaque naicroscope failed to disclose 
in normally closed stomata any openings such as are shown below 
the appressoria in figures 1 and 3j Aj B. Were such minute slits 
normally present they would be readily observed in alcohol mounts 
of epidermis, as is shown in figure 3, D. Here the accessory cell 
has failed to develop and has been replaced by a hair cell which inter- 


EXPLANATORY LEGEND FOR FIGURE 4 

.4, Photomicrograph from the outsifle of a stoma of a seedling leaf of Michigan Amber wheat. The 
stoma has been invaded by an entry hypha of Puccinia triticina physiologic form 9. Taken with a 
low-power objective to give depth of focus, showing the empty appressorium wall at a, and the deep- 
staining substomat^ vesicle at b. X about 707. B, As m A, with physiologic form 39, but viewed 
from the inner side of the epidermis strip, a, Protoplasm-filled substomatal vesicle, 6, young infecting 
hypha. X about 790. C, Photomicrograph of two substomatal vesicles and one infecting l^pha of 
P trvticina physiologic form IS viewed from the inner side of the epidermis of the first leaf of a Gladden 
wheat plant a, A haustonum mother cell wedged in place against the mesophyll cells. Note that the 
iniecting hypha grew out parallel to the epidermis. A mesophyll cell showing as a shadow over the 
JlCustorium mother cell, because above the focal plane, makes relatively certain the conclusion that the 
Jtftyistonum mother cell was undisturbed in the making of the preparation. 6, Empty substomatal 
vesicle from which infecting hypha was produced A portion of the Infecting hypha Is out of focus and 
shows as a shadow over the vesicle at the left. X about 707. 
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fered with the normal functioning of the stoma. Other stomata 
on tliis specimen of epidermis were tightly closed, as shown in figure 
3, (7, from a photomicrograph of the stoma nearest to that shown in 

figure 3, ^ ^ i * i. , 

There commonly is an orientation of the nuclei of the stomatal 
accessory cells and adjacent epidermal cells to the wall nearest to a 
point of entry, suggesting a response to an injury or a chemical 
stimulus (figs, 3, A, B, and 4, A), Normally, for noninvaded stomata, 
the nuclei of the accessory cells lie against the wall outermost from 
the guard cells (fig. 3, Cj D). 

One infecting hypha was regularly produced, as found by Allen (3). 
An entire substomatal vesicle and an infecting hypha are showm in 
figure 4, B. In figure 4, C, is shown a haustorium mother cell wedged 
in the angle between mesophyll cells that have adhered to the epider- 
mis. In this and other instances the infecting hyphae quite definitely 
grew out approximately parallel to the epidermis rather than at right 
angles, which, as Allen {1) has indicated, was characteristic for the 
culture of Puccinia triticina form 11 with which she worked. These 
cases may have been exceptions, since infecting hyphae extending 
directly into the substomatal cavity would very probably be disturbed 
in the preparation of the epidermal strips. 

A study was made of the entry of Uromyces trifolii (Hedw. f.) L6v. 
from red clover {Trifolium yratense L.) into the first seedling leaf of 
Michigan Amber wheat. In two such inoculation experiments, re- 
ported in table 7, the behavior of this rust on wheat was identical 
with that of Puccinia triticina in readily entering the stomata, which 
regularly closed prior to entry (fig. 1 , c) . 


Table 7. — Effect of appressoria of clover rust {Uromyces trifolii)^ prior to eutrf/, on 
stomatal function of first seedling leaf of Michigan Amber wheat 


Inoculation trial no. 

Occupied stomata 

Unoccupied stomata 

1 

Closed 

Open 

Closed 

Open 

1 

Number 

241 

193 

Number 

0 

0 

Percent 

0 

0 

Number 

29 

17 

Number 

180 

243 

Percent 
86 1 
93. 6 

2 ... 



DISCUSSION 

While it is not possible to generalize on the capacity of the 
leaf rust of wheat to enter closed stomata, this study indicates that it 
is unhkely that any of the strains of this rust occurring in the United 
States depend upon open stomata for host invasions. Hart (6) has 
described a type of resistance to stem rust {Puccinia graminis tritici), 
which she terms “fimctional resistance.’' This consists of a habit of 
delayed morning opening of stomata of certain wheats, preventing 
the entry of this rust until the moisture on the plant has evaporated, 
thus exposing the delicate germ tubes to desiccation and death before 
effected.. ^ The results of the present study would se^tti 
to disrmss the possibility of this type of resistance to leaf rust, si:i^neS 
each of the 18 cultures of leaf rust studied was able to enter closed V 
stomata and since forms 9, 55, and 56, studied in greater detail,] 
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apparently never enter open stomata because of the prompt stomatal 
closure in response to appressorium formation. 

It has been generally assumed (^, 6, 8) that entry of the cereal host 
by rusts occurs only tlirough open stomata. The appressorium of 
the germinating urediospore has apparently been considered to have 
no function beyond that of a germ tube. So far as concerns the cul- 
tures of leaf rust here employed, it is highly probable that the appres- 
sorium is an organ particularly adapted to force stomatal entry, 
having a function somewhat similar to that of the appressorium 
originating from the basidiospore, which effects direct penetration of 
the epidermis. 

Allen (i, 2) states that the appressorium probably yields some toxic 
secretion that exerts a harmful effect on the host cells, in some in- 
stances even killing the guard cells. Whatever the nature of this 
injury, it does not appear to be the sole means by which entry through 
closed stomata is made possible, although it may play a part in that 
process. The very small stomatal slit forced open by the entry hypha 
indicates that a definitely localized pressure is exerted on the stoma, 
just as happens in cases of direct penetration of the epidermis of the 
alternate hosts by the gametophytic phase of rusts and by other fungi 
effecting direct penetration. 

The response of the nuclei of the stomatal accessory and epidermal 
cells of the host in orienting themselves against the ceU walls nearest 
to an entering leaf rust fungus supplements Alienas observation 3) 
on the effects of the leaf rust fungus on the position of nuclei of 
accessory cells and the condition of the entire protoplast of the guard 
cells. She noted in Malakof wheat (resistant) at least two instances 
in which the accessory cell nuclei lay as close as possible to the enter- 
ing fungus, while in Little Club (susceptible) the staining reaction 
indicated that the protoplasts of the guard cells of the invaded stomata 
often were killed and their walls altered chemically. She (1) further 
observed in the case of stem rust, Puccinia grammis tritici^ that the 
guard cells and adjoining epidermal cells of both susceptible and re- 
sistant varieties may be severely injured or killed by the effect of the 
appressorium. The orientation of the nuclei observed in the writers^ 
studies suggests a traumatotactic response similar to that of corn 
seedlings injured by disease or otherwise, as reported by Pearson {10) 
and in other investigations reviewed by her. In the case of leaf rust, 
where the invasion of the cereal host occurs through a forced entry of 
stomata, it is possible that this injury may be a means of facilitating 
such entry. On the other hand, the injury may be quite unrelated 
to entry. 

SUMMARY AND CONCLUSIONS 

A simple technique is described for studying the entrance phenom- 
ena of a rust in relation to stomatal aperture. This involves the 
stripping of the inoculated epidermis from the mesophyll cells and 
its fixation in absolute alcohol containing a suitable stain. 

The irdtial open condition of stomata of seedling wheat, prior to 
^pressorium formation, is unnecessary to entry by leaf rust {Puccinia 
^vHticina), as represented by 18 cultures comprising 7 physiologic 
forms. Limited studies suggest the same relation for mature plants. 
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The normally closed stomata of wheat seedlings provide no open- 
ings through which entry hyphae of leaf rust can pass without over- 
coming the resistance exertei by the tightly closed guard cells. When 
an appressorium of leaf rust is initiated on an open stoma of a seedling 
leaf, the stoma closes tightly prior to entry. 

The appressorium originating from the urediospore appears to 
function as a specialized organ to apply pressure between the closed 
guard cells, thereby effecting a forced opening of the stoma and entry 
by the fungus. 

Since closed stomata offer no effective barrier to the entry of 
Puccinia triticina, there is no possibility of ‘functional resistance” 
to this rust through delayed morning opening of stomata. 

Appressoria of clover rust (Uromyces tr'ffolii) also cause wheat 
stomata to close and have been observed to effect numerous entries 
through initially closed stomata of seedling wheat leaves. 
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INHIBITING EFFECT OF SULPHUR IN SELENIZED SOIL 
ON TOXICITY OF WHEAT TO RATS* 

By Annie M. Hurd-Karrer, associate physiologist, Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, and Mary H. Kennedy, assistant scien- 
tific aide. Foods and Nutiition Division, Bureau of Home Economics, United 
States Department of Agriculture ^ 

INTRODUCTION 

The recent discovery {9, 13)'^ that a serious disease of livestock is 
caused bv ingestion of selenium contained in vegetation grown on 
certain soils of the Middle Western States led to an investigation 
of the absorption of selenium by plants and of the factors affecting 
it {10 j 11). In the course of these investigations it was found that 
the addition of but 1 part per million of selenium as sodium selenate 
to the soil (Keyport clay loam) rendered wheat grown thereon toxic 
to white rats (f^). Later it was found that wheat grown with this 
concentration of selenium produced symptoms of injury similar to 
but not so extreme as those produced by feeding the naturally toxic 
wheat from the Middle West. There soon followed the discovery 
that the quantity of selenium absorbed by the plants could be re- 
duced by increasing the sulphur in the soil or nutrient solution {10, 
11), The bearing of this interrelationship of the two elements on 
the problem of control or amelioration of the disease in seleniferous 
soil areas was at once apparent. Experiments were therefore de- 
signed to determine whether the addition of excess sulphur to a 
selenized soil would reduce or prevent the toxicity of wheat grown 
upon it. The results of these experiments are reported in the present 
paper. 

METHODS 

A winter wheat (Dixie; a strain of Purplestraw) was grown at the 
Arlington Experiment Farm, Rosslyn, Va.; on eight outdoor plots 
of Keyport clay loam about 5 feet square separated by 8-inch buffer 
zones of soil between boards extending 6 inches into the ground. 
To six of these plots selenium was added at the rate of 2 p. p. m. as 
sodium selenate (Na 2 SeO 4.10 H 2 O), calculated on the basis of a depth 
of 6 inches of soil (5 g sodium selenate m 1,200 pounds of soil). Two 
of the plots, nos. 2 and 6, received only the selenium. Plots 3 and 7 

1 Received for publication Feb. 1, 1936; issued July 1936, 

2 The writers are indebted to Hazel E Munsell, in charge of the Foods and Nutrition Division of the 
Bureau of Home Economics, for general supervision of the feeding tests. 

s Reference is made by number (italic) to Literature Cited, p. 941 
The toxicity of this gram, grown in quartz sand cultures, has been studied in comparison with that 
of the naturally toxic gram from South Dakota by Hazel E Munsell, Grace M. De Vaney, and Mary 
H. Kennedy, of the Bureau of Home Economics, and their report is being prepared for publication. 
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received in addition flowers of sulphur at the rate of 1,500 pounds 
per acre (1 pound per plot), and plots 4 and 8 received the same 
amount of sulphur in the form of gypsum (5 pounds per plot). Two 
control plots, nos. 1 and 5, received no treatment. 

The sulphur and gypsum (CaS 04 ) were added first and thoroughly 
nuxed with the soil to a depth of 6 inches. The requisite amount 
of sodium selenate (5.08 g, supplying 1.09 g of selenium) was added 
2 days later. It was dissolved in several gallons of water in a water- 
ing can and carefully sprinkled on the soil, which was then thoroughly 
turned and mixed to a depth of 6 inches. The seed was sown on 
October 18, 1933. Some of the young plants were cut the following 
spring (April 18, 1934) for selenium analyses, and the rest were al- 
lowed to mature. Neither the plants nor the grain from the selenized 
plots differed in appearance from those of the control plots receiving 
no selenium, 2 p. p. m. selenium in this soil being insufficient to 
produce symptoms of injury {10^ 11). ^ ^ 

White rats were used to test the toxicity of the grain, since they 
clearly indicate the presence of small amounts of selenium in their 
food by an initial reluctance to eat and by pronounced tissue changes 
in the liver {5, 8). The grain was incorporated in the diet of the 
young rats when they were weaned at the age of 28 days. The 
grain constituted 70 percent of the diet, the rest being skim-milk 
powder (13 percent), dried bone and meat scrap (5 percent), yeast 
powder (5 percent), butter (5 percent), and cod-liver oil (2 percent). 
All the rats of a given experiment were of the same sex and from 
the same litter and were kept in individual cages and weighed weekly. 

The feeding tests comprised three experiments. In the first, four 
fenaale rats were fed all they would eat of the diets containing the 
grain from plots 1 to 4, respectively. The second experiment was a 
duplication of the first, with grain from plots 5 to 8 fed similarly to 
female rats of another litter. 

Since the more selenium there is in the diet the less the rats will 
eat (5, 8), a third experiment was designed to distingiiish between 
the direct effects of the selenium and the effects due to inanition 
from the reduced food intake.^ Litter-mate males were fed grain 
from plots 1, 3, and 4 limited in amount to that eaten during the 
preceding 24 hours by a rat fed the ''selenium-alone'' grain from 
plot 2. In order to determine the extent to which inanition from 
insuflScient food supply determined the growth rates of these rats, 
a fifth male of the litter was fed all he would eat of the control grain 
from plot L 

^ At the close of the experiments the rats were autopsied, and the 
livers especially were examined for evidence of selenium poisoning. 

RESULTS 

The average weekly food consumption of the rats, their initial and 
final weights, and the presence or absence of liver symptoms at 
autopsy are given in table 1. The growth curves are presented in 
figures 1 and 2. 
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IjWRE l,~Growth curves of female rats fed all they would eat of diets containing grain from untreated 
soil and from soil treated with 2 p. p. m. of selenium (as sodium selenate), with and without sulphur 
applications: A, First e^eriment, with gram from plots 1 to 4; B, second experiment, with grain from the 
duplicate plots 5 to 8. The feeding of the second group was continued longer than that of the first, and 
the final weights, not included in this graph, are given in table i. 




936 


Journal oj Agricultural Research 


Vol. 62, no. 12 



Figure 2 —Growth curves of male rats of the third experiment, fed diets containing grain from plots 1 
^ intake of rats 1, 3, and 4 limited to that of the rat fed on the toxic grain from 
unrestricted toxic grain”). The curve rnarked “unrestricted normal gram” is that 

oia male rat (no. 5) from the same litter fed all he would eat of the diet containing control grain from plot 1 . 
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Table 1. — Effect on white rats of feeding wheat grown on selenized soil with and 
without applications of sulphur 


Experiment and rat no. 

Soil plot no. 

Soil treatment 

Average weekly food intake of 
rats (in grams) during — 

Growth of rats 
(in grams) 

Presence (+) or absence (— ) 
of symptoms of selenium 
poisoning in the liver 

Selenium added in 
parts per million 

Form of sulphur 
added 

First week 

Second to fourth 
weeks 

Fifth to seventh 
weeks 

Eighth to ninth 
weeks 

Tenth to eleventh 
weeks 

Initial weight 

Final weight 

Gain 

1 Unrestricted feeding 













Rat no ] 


0 

None 

49 4 

62 2 

69 4 



42 

142 

100 


Rat n n 2 

2 

2 

.^do 

22.6 

44 1 

46 6 



52 

116 

63 

-1- 

Rat no. 3 

3 

2 

Sulphur--- 

40 0 

68 0 

63 7 



42 

145 

103 


Rat no 4 


2 

Gypsum-- 

45, 1 

62.9 

66 4 



45 

169 

114 


2. Unrestricted feeding: 












Rat no 1 

5 

0 

None 

60.0 

70 4 

67.6 

69. 2 

68 5 

50 

177 

127 


Rat no 2 

6 

2 

.-.do 

42.8 

49.6 

58 2 

61 2 

62 4 

55 

162 

107 

-f- 

Rat no 3 

7 

2 

Sulphur-- 

59 6 

61 0 

63 5 

68 7 

69 3 

53 

179 

126 


Rat no. 4_ 

8 

2 

Gypsum. . 

56 0 

56 8 

57 5 

58 7 

65 8 

53 

157 

104 

— 

3 Restricted feeding: i 













Rat no. 1 . 

1 

0 

None 

36.5 

62 4 

72 2 

72 4 


47 

212 

165 



Rat no 2 

2 

2 

...do 

36.2 

64.6 

78.7 

73.3 


64 

204 

150 

+ 

Rat no. 3-- 

3 

2 

Sulphur— . 

36.6 

62.4 

78.8 

(2) 


61 

0 ) 



Rat no, 4 . 

4 

2 

Gypsum. . 

36.5 

62.4 

66 0 

68.4 


61 

206 

154 

__ 

Rat no 5 

1 

0 

None. 

47.9 

80.3 

87 0 

90.9 


40 

258 

218 

— 


1 Feeding of rats l, 3, and 4 restricted to that of no. 2 

2 Owing to exhaustion of the “selenium-plus-sulphur'' grain sample, this rat was killed and autopsied a 
week before the others, at which time its weight was the same as that of the control on normal grain, i. e , 

206g 

During the first week of the unrestricted feeding experiments the 
rats on the grain samples from plots 2 and 6, treated with selenium 
alone, ate much less and grew far more slowly than those fed grain 
from the similarly selenized plots that had received sulphur or gypsum 
in addition (fig. 1, A and B). After the first week the difference 
became less pronoxmced as the rats apparently became used to the 
abnormal smell or taste of the “selenium-alone” grain and ate more 
normally, with a corresponding increase in rate of growth. Since 
marked initial retardation of growth is characteristic of animals given 
food containing selenium (^, 6, 8), the comparative growth rates 
during the first week of feeding showed clearly that the sulphur and 
gypsum treatments of the soil had so reduced the selenium intake of 
the plants that the grain did not retard the growth of the rats* 

In the third experiment the growth rates of the rats on diets con- 
taining grain from plots 1,3, and 4, respectively, each restricted in 
amount to that eaten by the rat on grain from plot 2, were all much 
the same (fig. 2), indicating that the initial retardation in the growth 
of the rats on gram from the imsulphured selenized plots 2 and 6 was 
largely attributable to disinclination to eat rather than to a specific 
physiological effect of the ingested selenium. Since the rat on the 
grain from plot 2 was fed all that he would eat, comparison of his 
growth curve with that of the fifth male of the same fitter on an 
unrestricted diet of normal grain shows the extent to which the 
former’s growth was hindered (fig. 2). The 2 p. p. m. selenium added 
to the soil did not make the gram sufficiently toxic to kill the rats in 
any of the experiments. 
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The evidence from the growth curves that the grain from the 
selenized soil treated with sulphur or ^psum was less toxic than that 
from the plots receiving selenium alone was corroborated by the 
autopsy findings. Liver injury is the most obvious effect of mild 
selenium poisoning in rats (5, d, 8). In the present experiments such 
injury characterized all the rats on grain from the unsulphured 
selenized soils. The upper lobe was small and atrophied; the one 
immediately beneath was enlarged and thickened (fig. 3). In one 
case the lobes were held together by adhesions. The surfaces were 
roughened by prominent lobules, which produced a granular appear- 
ance rather than the extreme nodulose distortion accompanying 
more severe poisoning (5). In a photograph made with light from a 
mercury lamp (fig. 4, C) the liver had a blanched appearance sug- 
gestive of the anemic condition characteristic of selenized rats (5, 7, 
12). In marked contrast, the livers of the rats fed grain from the 
selenized soil treated with sulphur or gypsum appeared normal (fig. 
4, D and £'), like those of the rats fed control grain from the unsele- 
nized plots (fig. 4, A and B). The livers therefore showed very 
convincingly that the excess sulphur added to the selenized soil had 
prevented the grain from absorbing toxic concentrations of selenium. 

On analysis, the grain that produced the selenium-damaged liver 
shown in figure 4, O, was found to contain about 12 p. p. m. of seleni- 
um (making a concentration of 8.4 p. p. m. in the diet). The nontoxic 
grain from the similarly selenized plots given sulphur or gypsum 
applications contained about 4 p. p. m. (making 2.8 p. p. m. in the diet). 


Table 2. — Analyses of 'plant 'material from the plots producing the grain of the 

feeding tests 



Soil treatment 



Selenium m plants and pram— 


Soil 

plot 

Scleni- 


Effect of first year's 


First year 




no. 

um 

added 

added 


Younc 
plants ' 

Mature 
plants 3 

Gram 3 

csecunu year, 
grain 3 


P. p. m. 



Ppm 

Ppm 

Ppm 

Ppm' 

Ppm 

P.p m. 

1 

2 

n 

None 

do 

Nontoxic 

Toxic 

0 

110 

0.5 

12.0 



0. 0 

2 0 

0 0 
1. 0 


2 

Sulphur 

Nontoxic 

2 

3.0 

3 


3 

1 

4 

2 

Gypsum 

do 

8 

3.0 

5 

A 

. 1 

.2 

5 

0 

None 

do 

0 






6 

2 

do- 

Toxic 

50 

13 0 

12 

11 

5.0 

0 0 

7 

2 

Sulphur 

Nontoxic 

2 

7.0 1 

4 

3 

.4 

.3 

8 

2 

Gypsum.. 

-.-.do 

6 

3.0 ! 

4 

4 

.6 

5 


• Gravirnetnc determinations by A. Van Kleeck under the direction of H. G. Byers, of the Bureau of 
Chemistry and Soils. 

3 Gravimetric determinations by R. P Gardiner and R. B. Deemer under the direction of P. R. Daw- 
son, of the Bureau of Plant Industry. 

3 Colorimetric determinations in duplicate by L. H. Greathouse, of the Bureau of Plant Industry 

The analyses of grain from the various selenized plots are sum- 
marized in table 2 (except that from plot 2, which was entirely con- 
sumed in the feeding tests), together with analyses of the plants 
themselves at an early stage of development (tillering) and at maturity. 
Analyses of grain from the same plots the following year (1935) with 
no additional treatments of the soil are also included. The data all 
give evidence of reduced selenium absorption in the presence of 
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excess sulphur, the reduction being even more pronounced the second 
year than the first.^ 



Figure 4 —Livers of rats and B) Control grain from plot 5; (C7) grain from plot 6 to which 2 p. p. m. 

of selenium as sodium was add^; (i>) grain from plot 8 reo^ving the same quantity of selenium 

plus gypsum; (B) grain from 7 re<mving the seteninm plus sulphur. All five livers were photo- 
graphed on one plate with light from a mercury lamp. Natural size. 


« A third year’s analyses of young ptots from these plots showed that hut a trace of available selenium 
remained m the soil. The plants from the selehizsed plots 2 and 6 withou t sulphur or gypsum still contained 
the most selenium, namely, 0.6 and 0 7 p. p. m. — where 50 to 110 p. p m,, b$d found 2 years before. 
Evidence of a rapid decrease in selenium at^oTption by successive crops on the same soil appears also in 
the gram analyses for the first and second years. 
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That grain grown on soil treated with but 2 p. p. m. of selenium (5 g 
of sodium selenate in 1,200 pounds of soil) should be toxic emphasizes 
the seriousness of the problem in areas where the soil contains even 
higher concentrations (3). The problem exists because of the 
capacity of the plant for accumulating large quantities of selenium 
from small amounts in the soil, a capacity possessed in extraordinary 
degree by certain forage plants of the Middle West where the selenium 
disease of livestock occurs (i, .0, 0, 4, 3). Whether sulphur treatments 
will prove fully effective and feasible for reducing the absorption of 
selenium by vegetation in these areas remains to be determined. 

SUMMARY 

In the present experiments wheat grown on soil containing 2 
p. p. m. of selenium and comprising 70 percent of the diet of white 
rats produced the retarded growth and the liver injury characteristic 
of selenium poisoning. Wheat grown on similarly selenized soil 
treated with flowers of sulphur or with gypsum was not toxic. 
Chemical analysis of the grain showed that the sulphur and gypsum 
treatments reduced the concentration of selenium in the grain from 
about 12 p. p. m. to about 4 p. p. m. 
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RESPONSE OF CERTAIN PLANTS TO LENGTH OF DAY AND 
TEMPERATURE UNDER CONTROLLED CONDITIONS' 

By Robert A. Steinberg, associate 'physiologist ^ and W. W. Garner, principal 
physiologist in charge, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Since the appearance of the first paper of Gamer and Allard on 
photoperiodism (5)^ an extensive literature covering various phases 
of the subject has developed. The accumulated data as a whole are 
sufficiently comprehensive and consistent to remove any doubt as to 
the practical importance of length of day as a factor in plant growth 
and development. However, only in comparatively few instances 
have the experiments in this field been conducted with sufficiently 
accurate control of the environment as a whole to yield results of a 
quantitative nature that could be readily reproduced. Since in most 
instances natural illumination, with or without supplemental artificial 
light, has been employed, control of the illumination conditions other 
than daily duration has been out of the question, and usually only 
partial control of other environmental factors has been attempted. 

Inasmuch as gro\vth and development witlxin the limits imposed 
by heredity ordinarily are the net result of interaction of the many 
environmental factors influencing the plant, it is necessary to supple- 
ment the above-mentioned data with observations made under 
controlled conditions and with suitable modifications of factors other 
than light duration if accurate information is to be obtained on the 
relationship of other factors to the day-length effect. It is true that 
rigid control of the environment necessarily will introduce conditions 
dSfering more or less from those obtaining in nature, but insofar as 
normal growth and development of the plant can be obtained, this 
method appears to furnish the best available means for studying the 
interrelation of the light period and other factors. 

In the present paper results obtained in growing typical short-day 
and long-day plants under controlled conditions are presented. The 
primary objectives were (1) to compare plant response to the daily 
light period under rigidly fixed environments involving artificial 
illumination with results previously obtained under more or less 
natural conditions and (2) to make a direct study of the interrelation 
of day length and temperature as ecological factors. To culture the 
higher plants under adequately controlled conditions offers many 
experimental difficulties and at best is both laborious and expensive, 
so the data presented are necessarily limited . These data, however, 
appear to throw additional light on the photoperiodic responses of the 
plants studied and on the relation of temperature to these responses. 
With the artificial climates employed it has been possible to obtain 
photoperiodic responses closely agreeing with those observed under 
outdoor conditions, 

1 Received for publication Jan. 23, 1936; issued July 1936. 

2 Reference is made by number (italic) to Literature Cited, p. 969. 
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MATERIAL AND METHODS 

Soybeans {Soja 7nax (L.) Pipei'), sugar beets {£efa rulgariH Tj.)j 
and Rudbeckia bicolor Nutt, were used in the experiments, all of 
which were concerned mainly with initiation of sexual reproduction. 
Special attention was given to the comparative responses of the 
Mandarin, Peking, and Biloxi varieties of soybean, which in the 
latitude of Washington, D. C., behave as early, medium, and late 
sorts, respectively. The seed used were of strains supplied by the 
Division of Forage Crops and Diseases. At Washington the BiloM 
and Peking varieties are markedly delayed in flowering by exposure 
to the maximum day length of summer, amounting to nearly 15 
hours, and clearly are to be classed as short-day types. Although 
the 15-hour day has only a very slight delaying action on time of 
flowering of the Mandarin, it will be shown in the present paper 
that this variety differs essentially from the earlier ones in its photo- 
periodic response only in that its critical light peidod — that is, the 
maximum day length at vhich flowering ordinarily takes place — is 
considerably in excess of the 15-hour maximum length of day at 
Washington. There appears to be no reason, therefore, why this 
plant should not be regarded as a short-day type (4). The beet 
seed used were of a selected strain furnished by the Division of Sugar 
Plant Investigations. Commercial seed of Rwlbeckia were employed. 
The beet and Rudbeckm are long-day types. 

The apparatus used for control of environment has been described 
by Steinberg {10), It consists essentially of eight small light-proof 
cabinets through wMch conditioned air is circulated at a dennite rate 
and which are provided with lighting units designed to furnish high- 
intensity illumination from 1,000-watt gas-filled tungsten lamps with- 
out material disturbance of the temperature of the air about the 
plants. In the experiments with soybeans the old type of lighting 
equipment was used, consisting of the ordinary pear-shaped 1,000- 
watt lamp with metal reflector and a 3-inch screen of water flowing 
through a pan with a clear glass bottom placed between the lamp and 
the plants. In the tests with Rudbeckia and sugar beets the improved 
lighting unit, affording better horizontal distribution of light intensity, 
was used. This unit consists prirnarily of a special type of cylindrical 
lamp that burns immersed in distilled water contained in a clear 
glass globe, the distilled water being cooled by means of tap water 
flowing though a copper coil immersed in its upper layer. 

At 12 inches below the light source the average illumination was 
about 2,600 foot-candles "with either type of lighting equipment. At 
28 mches below the light source the illumination was about 1,200 
foot-candles, and it decreased but little at greater distances below 
the l^ht source. The air velocity in the cabinets was maintained 
at about 0.9 mile per hour. ^ Computations indicate that at this 
rate of am Sow the concentration of the carbon dioxide could not be 
appreciably modified by the action of the plants. When the temper- 
ature level was varied the relative humidity also was changed in 
maintain a constant saturation deficit. 

The 'v^oden containers used for growing the soybeans were made 
watertight by coating them on, the inside with asphalt and were 
htted with metaJ covers containing 2-inch hc^ through which the 
plants grew. Split perforated corks were iiS64 to close the openings 
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and hold the plants in place. Aluminum containers asphalted on 
the inside were employed in growing Rudbeckia and sugar beets. 
Covers could not be used because of the growth characteristics of 
these plants. 

Two potting-soil mixtures composed of a heavy loam, manure, and 
a small component of sand were used. The first mixture was em- 
ployed in all the experiments with soybeans except the one run at 
89*^ F. During the tests the moisture content of this mixture was 
maintained automatically at approximately 17.4 percent. The 
moisture content of the second soil mixture, employed in all the 
remaining experiments, was similarly maintained at 24 percent. 
In each instance the soil moisture was approximately 54 percent of 
saturation, and the weight of the moist soil in each container was 
approximately 80 poimds. 

In the experiments with soybeans 5 plants of each variety, or a total 
of 15 individuals, were grown in each container. In the experiment 
with sugar beets at 65° F. 9 individuals were grown in each container, 
but in the remaining tests the number of plants was reduced to 4 in 
order to avoid crowding. In all the Rudbeckia tests 9 individuals 
were allowed to develop in each container. 

EXPERIMENTAL DATA 

SOYBEANS 

In the six experiments with soybeans comprising the principal 
series to be reported in detail, the daily light periods ranged from 3 
to 17 hours and the four temperature levels employed were 71°, 
77°, 83°, and 89° F. In order to make a more detailed study of the 
response to day length at 77°, the interval between light periods was 
only 1 hour, and since only eight periods could be used in a single 
test, two separate experiments were required to cover the range from 
3 to 17 hours. The first of these embraced light periods ranging 
from 3 to 10 hours, inclusive, and the second embraced periods ranging 
from 10 to 17 hours, inclusive. The experimental data presented in 
table 1 for the light periods ranging from 3 to 10 hours and a tem- 
perature of 77° represent the average results of duplicate tests. Three 
experiments covering the longer light periods were carried out, but 
in two of these the control of temperature and humidity was not 
entirely satisfactoiy because of abnormal outdoor conditions, so 
the data reported in the principal series cover only a single experi- 
ment. At temperatures other than 77° the interval between light 
periods was 2 hours, so that in each instance a single experiment 
sufficed to cover the entire range in light periods. At each tempera- 
ture level the relative humidity employed was that corresponding to 
a saturation deficit of 0.424 mm of mercury. The duration of the 
experiments ranged from 40 to 60 days. 

The essential conditions applying to the individual experiments are 
as follows; 

Experiment 1: Duration, 60 days or 1,440 hours; temperature, 71° ±0.5° E.; 
rel^^tive humidity, 44 ± 1 percent; light periods, 3 to 17 hours. 

Experiment 2: jDuration, 40 days or 960 hours; temperature, 77° ±0.5°; rela- 
tive humidity, 54.2±1 percent; light periods, 3 to 10 hours- 

Experiment 3: Duration, 44 days or 1,056 hours; temperature, 77° ±0.5°; 
relative humidity, 54.2 ±1 percent; light periods, 3 to 10 hours. 
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Experiment 4: Duration, 50 days or 1,200 hours; temperature, 77° dr 1°, except 
that for a period of 4 hours there was a mean departure of approximately +2°; 
relative humidity, 54.2±2 percent, except that for a total period of 50 hours 
there was a mean departure of about +4 percent; light periods, 10 to 17 hours. 

Experiment 5; Duration, 59 days or 1,416 hours; temperature, 83° dr 0.5°; 
relative humiditv, 61drl percent; light periods, 3 to l7 iiours. 

Experiment 6: Duration, 44 days or 1,056 hours; temperature, S9°drl°; 
relative humidity, 69 dr 2 percent; light periods, 3 to 17 hours. 

In these tests, as well as in those described later, the temperature 
and humidity levels and the range of departure from these levels 



Figure 1. Eff^t of daily light period on number of days elapsing from germination to appearance 
tot blo^oms in Biloxi (A), Peking (B), and Mandarin (<7) variMiies of soybeans grown at various fix 
temperatures. 


of 
fixed 


pertain in all cases to the air as it entered the individual light cases. 
The possible disturbing effects of the lamps within the cases on the 
air temperature and humidity have been considered by Steinberg 
(10). Numerous observations within the cases have indicated that 
the temperature range incident to the going on and off of the lamps 
does not exceed ±0.5° F. 
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In the above-described experiments observations were made on 
the number of days elapsing from germination to appearance of first 
blossoms and from germination to the average time of flowering of 
all individuals in each treatment, on the height of the plants at time 
of flowering and at the end of the test, and on the number of nodes 
and length of internodes of the plants. An attempt was made to 
obtain also the fresh and dry weights of the plants at the end of the 
experiments, but the data were rejected as unreliable primarily 
because of heavy shedding of the foliage leaves. The data bearing 
on duration of the vegetative stage and on growth characteristics 
are summarized in table 1 and figure 1. Unfortunately height meas- 
urements at time of flowering were not obtained in the experiments 
conducted at a temperature of 77^ F., but the final heights of the 
plants were measured. 

Table 1. — Effect of daily light period on average number of days elapsing from 
germination to first flowering j on height of plants at flowering and at harvest, on 
number of nodes produced, and on average length of internodes in the Biloxi, 
Peking, and Mandarin varieties of soybeans grown at various fixed temperatures 




Average time 
fromgermina- 


Height of plants at— 





Average length 

Tem- 

pera- 

Daily 

illu- 

tion to first 
flowering 

Flowering 

Harvest 


iNoues prouuueu 

of internodes 

ture 
(“ F.) 

mina- 

tion 

Biloxi 

Peking 

Mandarin 

Biloxi 

Peking 

Mandarin 

Biloxi 

Peking 

Mandarin 

Biloxi 

Peking 

Mandarin 

Biloxi 

Pekmg 

Mandarin 


Hours 

Days 

Days 

Days 

Cm 

Cm 

Cm 

! 

Cm 

Cm 

Cm 

Num- 

ber 

Num- 

ber 

Num- 

ber 

Cm 

Cm 

Cm 


6 

61.8 

34.6 

41.0 

42.9 

28.6 

28.1 

46.2 

32.9 

31.4 

6.4 

5 6 

4.6 

7.2 

5 9 

6.9 


7 

35.4 

[ 34.3 

34.8 

i 36.7 

20.5 

25.1 

54.1 

25.4 

27.8 

8 0 

6 0 

5 6 

6 8 

4 2 

5 0 


9 

33.6 

i 30.0 

31.4 

41.0 

24.0 

26.2 

81.8 

37.6 

34. 1 

10/8 

7.0 

6.6 

7 6 

5.4 

5.2 

71 

11 

38.4 

31.6 

31.0 

44.5 

20.9 

25.8 

84,1 

37 7 

38.1 

12 4 

6.6 

7.2 

6.8 

5 7 

5.3 


13 

56.6 

32.6 

33.4 

88.3 

26 3 

26.7 

105.4 

46.0 

46.3 

10 6 

7.5 

7.6 

6 4 

6.1 

C.O 


15 



34.6 



34,3 

1 100.7 

88.9 

85.7 

16.0 

13.5 

12.2 

6.3 

6,6 

7.0 


17 



59.3 



98,8 

106.8 

106.2 

107,0 

16.8 

15. 0 

16.8 

6,4 

7.1 

6.8 


4 

6 

43.0 

35.3 

33.5 

27.3 

35i0 





48 2 
60.8 

28.1 

34.9 

34.8 

38.4 

4.7 

6.4 

4.0 

5.6 

4.0 

4.6 

10.3 

9.6 

7.0 

6.4 

8.7 

8.6 

77 

6 

7 

8 
9 

10 

29.4 

27.3 

26.0 

26.0 

26.7 

25.0 
23 8 
22 8 
22.3 
21.2 

28,8 
25.8 
23.6 
23 0 
22.5 

1 

— 

1 

— - 

65 9 
67 1 
77 2 
76 9 
94.0 

37.6 
40 3 

42.8 
43.4 

62.8 

41.4 

44.6 

46.6 
61,2 
64,2 

7.2 
7.2 
8.6 
9 8 
10.4 

6.0 

5.6 

6.0 

6.9 

6.0 

4.9 
5.3 

6.9 
6.1 
7.0 

9.1 
9.3 
9 0 
7.9 
9.0 

6.3 
7.2 
7 1 

7 4 

8 8 

8.4 

8.4 

7.7 

8.4 

9.2 

11 

27.0 

21.6 

22.4 


... 


92.5 

60.1 

62.9 

7.8 

6.0 

7.6 

11 9 

9 4 

8.3 


12 

13 

32 7 
36,3 

20.8 

22.2 

24 4 
22.0 




117.3 

130.6 

62.8 

74.6 

84.6 

84.6 

10 0 
13.7 

6 2 
8.4 

8.3 

8.8 

11.7 

9.6 

10 1 
8 9 

10.2 

9.6 


14 


27.0 

22.0 




80.0 

90.3 

80.4 

8.3 

9.8 

8.6 

9.7 

9.8 

9.5 


16 



26.2 





91.3 

141.0 

122. 7 

9.6 

14.8 

10.0 

9.6 

9.6 

12.3 


16 



32 0 




113.0 

128.6 

141.6 

12.6 

17.0 

14.2 

9.0 

1 7.6 

10,0 


17 



45.0 




109,1 

123.0 

121,8 

11.2 

13.6 

13.3 

9.7 

9.1 

9.2 


1 5 

39.4 


41.5 

^.4 

33 0 

36 5 

59 6 

46.2 

39.4 

7.2 

7.0 

6.3 

8 1 

6.6 

7.4 


7 

27-0 

23.2 

25 3 

51.0 

31 6 

43.8 

100.2 

49 7 

64.6 

11,6 

7.8 

6.0 

8.7 

6.4 

9.1 


9 

23.2 

21 0 

21.4 

51 9 

30 5 

46 7 

164 6 

40.3 

91.6 

17.0 

7 2 

8.4 

9 1 

6 8 

10.9 

83 

s n 

26 2 

21.0 

21 4 

61.6 

31 8 

40.3 

126.3 

46.6 

72.8 

17.6 

6.8 

8 4 

7.2 

6.8 

8.7 


13 

41.0 

22. Si 

20,6 

120.6 

39.0 

, 61 6 

• 165 0 

62.1 

91 7 

22.4 

7.8 

9.0 

7 4 

6.7 

10.2 


16 



25.6 



69.1 

143 0 

136 4 

179.0 

23 0 

15 0 

16.2 

6.2 

9.1 

11.8 


1 17 



59.7 



186.8 

164.0 

139.9 

183.4 

24.3 

14.4 

16.2 

6 7 

9.7 

11.3 


s 

36.0 

29. 6 

41.0 

81.6 

42 8 

49.0 

76.8 

45.7 

60.4 

7.0 

6.4 

6 6 

11.0 

7.1 

9.0 


7 

33 6 

24. 2 

28.0 

96 4 

40.4 

66 3 

126.3 

68.3 

71 8 

11.0 

7.8 

6 6 

11 4 

7.6 

12.8 


9 

26.0 

18.4 

26.2 

68 2 

39.3 

74.3 

129 0 

69 7 

102 8 

13 6 

7 8 

5.4 

9.6 

8.9 

19.0 

89 

11 

27,2 

17.6 

20.2 

88. 6 

48.1 

84. t 

145.7 

82.6 

93.6 

13.2 

8.4 

7.0 

11.1 

9.8 

13,4 


13 

34 0 

20.6 

19, 6 

93 6 

63 3 

100.1 

144.5 

101.3 

134 6 

16.4 

8 2 

7.0 

8.8 

12.4 

19.2 


15 



34.3 



127 6 

168-0 

170.3 

186 3 

15 6 

13.6 

i 11.2 

10.0 

12.5 

16.6 


17 







159.7 

166.2 

192.0 

17 0 

13.8 

10 6 

9.4 

12 1 

18.1 


In view of the fact that the tray screen used in the soybean tests 
was less efficient with respect to horizontal distribution of illunaination 
than the globular screen utilized in the experiments with Budbeckia 
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and beet, a special experiment was made to compare the two types of 
screen in their effects on flowering in soybeans exposed to certain 
light periods. The essential conditions of the test were: Duration, 
39 days or 936 hours; temperature, F.; relative humidity, 

54.2 ±1 percent; light periods, 5, 10, and 15 hours. The results are 
shown in table 2, 

Ability to reproduce results obtained under given conditions perhaps 
constitutes one of the best means of testing the effectiveness of the 
control measures employed. The data on initiation of flowering 
obtained in experiments 2 and 3, the conditions of which already 
have been outlined, throw light on this phase of the investigation. 
The results are shown in table 3. 

Table 2. — Comparative efeds of tray and globular types of water screen placed 
between light source and test plants on number of days elapsing from germina- 
tion to appearance of first blossoms in Biloxi, Peking, and Mandarin soybeans 
exposed to various light periods and a temperature of 77° ±0.5° F. 


Daily illumination (hours) 

BllOM 

Peking 

Mandarin 

Tray 

screen 

Globular 

screen 

Tray 

screen 

Globular 

screen 

Tray 

screen 

Globular 

screen 

5 

Days 

35 

25 

Days 

29 

25 

Days 

26 

20 

Days 

25 

21 

Days 

32 

20 

24 

Days 

31 

20 

24 

10 - 

15 







Table 3. — Results of duplicate experiments, A and B, to determine effect of daily 
light period on number of days elapsing from germination to appearance of first 
blossoms in Biloxi, Peking, and Mandarin soybeans grown under controlled con- 
ditions at a temperature of 77° ± 0.5° F. 



Biloxi 

Peking 

Mandarin 


A 

B 

A 

B 1 

A 

B 

6 - - - - 

Days 

32 

Days 

33 

Days 

26 

Days 

27 

Days 

33 

Days 

32 

6 

28 

29 

24 

24 

27 

28 

7 - 

26 

27 

23 

22 

24 

25 

8 - 

24 

25 

22 

22 

22 

23 

9 

23 

25 

21 

21 

21 

'iS 

10 

1 

23 

25 

20 

21 

21 

21 


The illumination conditions obtained with the gas-filled tungsten 
lamp and water screens used in the present experiments differ de- 
cidedly from those of natural illumination, especially as to the com- 
position of the li^ht and the daily^ curve of illumination intensity. 
For this reason it is of considerable importance to determine whether 
the photoperiodic responses^ obtained with the artificial illumination 
are in line with those previously observed with sunlight. In table 
4 comparison is made between the results obtained with a 10-hour 
daily illumination period in the present^ tests at 77^ F. and those 
obtained at comparable temperatures with 10 hours of sunlight in 
outdoor summer planting and with the full day of the winter months in 
greenhouse plantings.^ Similar agreement in effects of the artificial 
and natural illumination was obtained with other d^>ily light periods, 
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T\ble 4. — Companson of natural and artificial illumination as affecting dura- 
tion of the vegetative period of Biloxi, Peking, and Mandarin soybeans under 
short-day conditions 


Conditions of test 

Mean 

tempera- 

ture 

Biloxi 

Peking 

Man- 

darin 

Outdoor plantings at 1-day intervals through June and July, 10-hour 

day - _ - _______ 

op 

75 1-80 4 

Days 

23 G 

Days 

19 2 

Days 

19 4 

Greenhouse plantings at 5-day intervals m December, January, and 
February, natural day of 9 5-12 hours.- 

75-79 

26 8 

21 5 

23 1 

Controlled conditions, tungsten filament lamp, 10-hour day. 

77±0 5 

24 0 

20 0 

21.0 



SUGAR BEETS AND RUDBECKIA 

The experiments with sugar beets were carried out at tliree tem- 
perature levels, and in each instance light periods of 6, 9, 12, 13, 14, 
15, and 18 hours and continuous light were employed. In the first 
experiment, which was run at 65^^ F., a saturation deficit of 0.25 mm 
of mercury was maintained. It was found, however, that this sat- 
uration deficit would be excessive for the Ixigher temperature used 
in the second test, since no artificial refrigeration was available. 
Consequently in the later tests, covering both the highest and lowest 
temperatures used, the saturation deficit was maintained at 0.183 mm. 
The essential conditions applying to the tliree experiments were as 
follows: 

Experiment 1: Duration, 77 days or 1,848 hours; temperature, 65° ±1° F.; 
relative humidity, 59 ±1 percent, except that for a total period of 52 hours 
there was an average departure of —0.4 percent. 

Experiment 2. fiuration, 100 days or 2,400 hours; temperature, 60° ±1°, 
except that for an aggregate period of 100 hours there was an average departure 
of —1.8°; relative humidity, 65 4:1 percent. 

Experiment 3: Duration, 56 days or 1,344 hours; temperature, 73° ±0.5°; 
relative humidity, 76.5 ±1 percent. Although it was not possible to maintain 
accurate control of temperature and humidity beyond the period of 56 days, 
the cultures were continued under rough control for an additional period of 3 
weeks to determine whether flowering would occur under conditions other than 
continuous light. In this interval the temperature range was 73° to 78° and 
that of the relative humidity 76.5 to 83 percent. However, there was no further 
flowering. 

The significant data on flowering in the three experiments are given 
in table 5. For the duration of the tests there was no reproductive 
response under the light periods shorter than 18 hours. 

Table 5. — Effect of daily light period on number of days elapsing from germination 
to appearance of first blossoms in sugar beets grown at 60°, 65°, and 73° F. 


Daily illumination (hours) 

60® F. 

65® F. 

73® F. 

15 - 

Days 

C) 

65 

Days 

(0 

66 

Days 

(') 

18 

(9 

39 

24 - 

66 

48 I 



I Plants did not flower. 

Only two experiments were conducted with Rudbeckia. The light 
periods used were the same as for the sugar beets. As in the tests 
with soybeans, the relative humidity was that corresponding to a 
saturation deficit of 0.424 mm of mercury. 



950 


Journal of Agricultural Research 


Vol, 52, no. 12 


Experiment 1: Duration, 60 days or 1,440 hours; temperature, 83° ±0.5*^ F ; 
relative humiditvj 61 2±1 percent. 

Experiment 2: Duration, 54 days or 1,296 hours; temperature, 77 ± 1°, except 
that there was an average departure of 4*1'' for a total period of 8 hours; relative 
humidity, 54.2±1 percent, except that for a total period of 84 hours there was 
an average departure of +4 percent. 

The results obtained in the two experiments are shown in table 6. 
In the experiments at 77° F. stem elongation occurred with the 13- 
hour day, but the plants had not flowered when the experiments were 
terminated. There was no flowering with day lengths of 6, 9, or 12 
hours at either temperature. 

Table 6. — Effect of daily light period on number of days elapsing from gerrnination 
to appearance of first blossoms and from germination to average time of flowering 
of all individuals and average height attained by the stem of Rudbeckia bicolor grown 
at 77° and at 8S° F. 



Time elapsing from 

Time elapsing from 
germination to 
average date of 
flowering of all 
individuals at— 

Average height of plants at time of— 

Daily illumination 
(hours) 

germination to 
first flowering 
at— 

1 

Flowering at— 

Harvest at— 


77® F. 

83® F. 

77® F 

83® F 

77® F. 

83® F 

77® F 

83® F 

13 

Days 

Days 

55 

Days 

Days 

56 5 

Cm 

Cm 

62 

Cm 

22 

Cm 

52 

14 

44 

38 

47 

45 0 

46 

62 

55 

83 

15 

49 i 

34 

61 

36 5 

81 

66 

77 

98 

18 

35 I 

29 

41 

32 0 

56 

66 

84 : 

102 

24 - 

35 

29 

43 

31 0 

64 

61 

87 

106 


INTERPRETATION AND DISCUSSION OF RESULTS 

For the most part the experimental material was grown under 
closely controlled conditions, and the data for soybeans given in table 
3 show that with the equipment and methods emplOTed it is possible 
to satisfactorily reproduce experimental results. That the growth 
and development of the experimental material obtained in the artificial 
climates employed closely approximate results under natural condi- 
tions is shown in figure 2. Although the improved lighting assembly 
with the globular water screen possesses several advantages over the 
older lighting system^ with the tray type of water screen, the latter 
also can be made to yield satisfactory results (table 2). It is a matter 
of special interest that with the artificial climates used in the present 
experiments the number of days elapsing from germination to appear- 
ance of first blossoms in the three varieties of soybean in response to 
favorable daily light periods agrees closely with results obtained with 
plantings grown with natural iflumination under comparable tempera- 
ture conditions (table 4) and previously reported in part (7). In this 
connection it may be stated that observed differences of 1 or 2 days 
in the time elapsing from germination to first flowering are not ordi- 
narily significant, since it becomes largely a matter of individual judg- 
ment as to whether opening of a particular blossom is to be regarded 
as occurring on a given day or on the following day. 

The number of days from germination to first flowering in each 
variety of soybean as affected by day length at each of the four tem- 
perature levels employed is shown graphically in figure 1. The corre- 
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spondiag data for the average number of days required for all indi- 
viduals in each test to reach the flowering stage are given in table 1 . 
In view of the small number of plants used^ the results as a whole are 
remarkably consistent. At each of the temperatures employed a 
selective or differentiating action of day length on the three different 
varieties with respect to the critical light period is clearly in evidence. 
With favorable temperature conditions the critical light period for 
the Mandarin lies in the region of a 17-hour day, that of the Peking 
around a 15-hour day, and that of the Biloxi between a 13- and 14-hour 
day. Additional observations with narrower differences in day length 



FiQURB 2 —RiLdbtckia bicolor (.,'1) and sugar beets {B) grown with various daily light periods ranging from 
fl hours to continuous light, as indicated by numbers below the plant containers, and at fixed tempera- 
tures of 77“ and 60® F , respectively. These cultures illustrate the type of growth and development 
obtained with the artificial climates employed. 

are needed to fix more accurately these critical light periods for the 
particular conditions involved. As the temperature becomes increas- 
ingly unfavorable the critical light period tends to become somewhat 
shorter, as shown, for example, in the result with Mandarin at 89*^ F. 
and that with Biloxi at 71°. For each variety there is a rather wide 
range in day lengths that are shorter than the critical light period and 
are approximately optimum for flowering. For the Mandarin this 
range is about 9 to 14 hours, for the Peking 8 to 12 or 13 hours, and for 
the Biloxi 7 to 11 hours, although distinctly unfavorable temperatures 
tend to narrow somewhat these ranges. Perhaps the true optimum 
day-length ranges can be somewhat more narrowly defined as the 
zones lying between 11 and 13 hours for the Mandarin, 9 and 12 hours 
for the Peking, and 8 and 10 hours for the Biloxi. 

It is of interest to consider the relative efficiency of the light energy- 
in initiating reproductive activities under conditions of constant inten- 
sity and composition but with varying daily duration of light. Taking 
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for this purpose the product of the daily hours of light and the number 
of days elapsing from germination to appearance of first blossoms, it 
appears that, as shown graphically in figure 3, exclusive of the general 
region of the critical light period, the values for each variety 
and each temperature employed tend to form ascending linear series. 
The total number of light hours elapsing from gerniination to first 
flowering increases with increase in length of the daily light period, 
maximum eflficiency of the light being attained with the shortest day 
length which will maintain the plant. Hence, graphs representing 



Figure of daily light period on total number of light hours elapsing from germination to appear- 

ance of first blossoms in the Biloxi (^4), Peking (B), and Mandarin (C') varieties of soybeans grown at 
veaaous fixed temperatures. 


this relationship differ in form from those of figure 1 except in the 
r^on of the critical light period, where they assume the same form. 
It seems probable that the increase in number of days elapsing from 
germination to first flowering with the shortest light periods employed 
^ compared with th^ intermediate hght periods (fig. 1) is due to con- 
ditions of impaired nutrition rather than to any weakening of the form- 
ative action of the light-darkness ratio. None of the soybean varieties 
was able to survive with a 3-hour daily period of light, while the Biloxi 
and Peking flowered with a 4-hour period and the Mandarin flowered 
with a 5-hour period. 

As always has been the case when the soybeans were grown with 
natural illumination, the factor of heredity in relation to relative 
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number of days elapsing from germination to appearance of first 
blossoms in the different varieties under optimum conditions comes 
into play in the present data, although its effect is small. As shown 
by the values in figure 1 and the corresponding average values in table 
1, the minimum number of days elapsing from germination to first 
flowering in the Biloxi exceeds the minimum in the Mandarin by 
about 3 days, and the minimum in the latter exceeds that in the 
Peking by 1 or 2 days. 

The effect of temperature on the duration of the vegetative stage 
is clearly evident in the results obtained (table 1 and fig. 1). The 
lowest temperature employed (71° F.) was distinctly suboptimum, 
and flowering was delayed in all varieties and with all day lengths. 
The next higher temperature (77°) is much nearer the optimum for 
all varieties and all day lengths. The third temperature level (83°) 
gave practically the same results with Mandarin and Peking as were 
obtained at 77° for all day lengths except in the region of the critical 
light period, but 83° appears to be nearer the optimum than 77° for 
the Biloxi. The highest temperature employed (89°) was somewhat 
excessive on the whole, especially for the Biloxi, although at optimum 
day lengths this temperature slightly accelerated flowering in the 
Peking and Mandarin as compared with lower temperatures. 

The interrelation of temperature and day length as affecting soy- 
beans has been studied by Eaton {2) and by Gilbert (S). By sub- 
jecting Peking soybeans that were growing in a 13-hour day to a 
night temperature of about 50° F., Eaton obtained a considerable 
delay in flowering in comparison with similar plants exposed to night 
temperatures of 65° and 90°, respectively. Gilbert made observations 
on Mandarin, Peking, and Biloxi soybeans grown under short-day 
conditions in the greenhouse, one lot of each being exposed to a mean 
temperature of 65° to 70° and a relative humidity of 85 percent, while 
corresponding material received a mean temperature of 75° to 80° 
and a relative humidity of 50 percent. Under the latter conditions 
all varieties showed flower buds in about 30 days, while at the end of 
this period there was no indication of flowering at the lower tempera- 
ture and higher humidity. 

It is apparent that the soybean is decidedly a warmth-loving type. 
In the data herein presented there is no evidence of a definite selective 
or differentiating effect of temperature on the three varieties as to 
time elapsing from germination to appearance of first blossoms. Ap- 
parently the effects of temperature could not explain the fact that when 
planted in early summer in the latitude of Washington, D. C., the 
Mandarin, Peking, and Biloxi invariably behave as early, medium, 
and late-maturing varieties, respectively. The falling temperature 
in late summer or fall would tend to retard rather than hasten flow- 
ering in the late variety, while the relatively high temperature of mid- 
summer would favor early flowering in this variety. In line with 
previous findings (7) it appears that length of day rather than tem- 
perature is primarily responsible for the observed differences in the 
three varieties with respect to time of flowering and fruiting when 
grown in moderately high latitudes. However, it seems clear that a 
relatively high mean temperature is required for success in all of these 
varieties. 

The data in table 1 afford a basis for computing temperature co- 
efficients for flowering of the Biloxi, Peking, and Mandarin soybeans 
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through a range in temperature of 18° F. at various day lengths. 
These coejB&cients are shown in table 7. It is evident that all are 
below the values (2-3) ordinarily associated with chemical reactions, 
and progressively increase in magnitude with increase in day length. 
If the size of the temperature coefficient be indicative of the type of 
reaction, as is usually assumed, it would seem that the reactions that 
are associated with flowering in the plant differ from those applying 
to vegetative growth. With increasing day length the purely chemi- 
cal reaction appears to play an increasingly greater part in determining 
the time of the flowering process, as indicated by the increasing values 
of the temperature coefficients. It is felt that the divergencies in 2 of 
the 16 values do not vitiate these conclusions inasmuch as the re- 
maining data are relatively uniform even though based on only two 
experiments, and, moreover, the variations occur near the region of 
greatest error, namely, the critical day length for flowering. Again 
the uniformity in values for the three varieties at each of the day 
lengths tested indicates that flowering is influenced by temperature 
to approximately the same degree in all these varieties, and that their 
differentiation in nature into late, medium, and early varieties, re- 
spectively, cannot be dependent on temperature. 


Table 7 — Temperature coefficients of flowering in soybeans at various day lengths 

for a range of 18 ^ IP. 


Daily illumi- 
nation (hours) 

Biloxi 

Peking 

Mandarin 

Time elapsing from 
germination to 
flowering at— 

Coef- 

ficient 

Time elapsing from 
germination to 
flowering at— 

Coef- 

ficient 

Time elapsing from 
germination to 
flowering at— 

Coef- 

ficient 

71° F. 

89° F t 

71° F 

• 

1 

89° F. 

71° P. 

89° F. 

5 

Days 

42 

34 

33 

36 

55 

Days 

36 

29 

23 

25 

34 

1 17 

1 17 
L43 
1.44 
1.62 

Days 

34 

31 

27 

30 

31 

Days 

28 

22 

18 

17 

18 

1.21 

1 41 

1. 60 
1.76 
1.72 

Days 

35 

33 

30 
29 

31 

34 

Days 

41 

26 

21 

19 

19 

31 

» 1 

1.17 

1.27 

1 43 
1.63 
1.03 
1. 10 

7 _ 

9 

11 

13 

16 









1 Equals 0 86, and indicates a delay rather than a hastening in the time of flowering. 


Because of the small number of individuals grown in each test, 
conclusions to be drawn from the data on growth relations necessarily 
must be somewhat tentative As a result of crowding and other 
factors, individuals that obtained a poor start often tenoned to lag in 
growth; so the average values do not present smooth series such as 
were obtained in the data on flowering. Whether the plants under 
the various treatments attained the flowering stage, and also the 
time required to reach this stage, would be expected, of course, to 
modify the rate and especially the ultimate amount of growth. At 
89° F. the attained height of the Mandarin at time of flowering 
increased progressively with increase in the daily number of hours of 
light (table 1), and apparently attenuation was associated with 
tills response. In no other instance was there definite increase in 
attained height of the plants at flowering time in response to increase 
in the daily light period except in the general region of the critical 
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light period. ^ Within the latter range of day lengths the height 
increased rapidly with increase in the light period. For reasons which 
are not clear these results differ somewhat from those obtained by 
various investigators working with natural illumination. Under the 
latter conditions increase in the light period through the lower ranges 
usually has resulted in increased height of the plants at time of flower- 
ing. However, the average daily rate of growth during the pre- 
flowering stage showed a clearly defined tendency to increase with 
increase in the photoperiod in all of the varieties at 83° and 89°. At 
71° temperature apparently was the principal limiting factor, and 
only the Biloxi showed appreciable increase in growth rate in response 
to increase in day length. With respect to effects of temperature, 
with only a single exception, each increment increased both the 
attained height at flowering and the average daily gain in height for 
each day length employed. 

The final height at time of harvest on the whole tended to increase 
with increase in the duration of the daily light period. In the 
Mandarin and Peking the rate of increase with increase in the light 
period was much more marked as the critical light period was ap- 
proached, whereas in the Biloxi the height increased more or less 
uniformly with increase in duration of the light period. Interpreta- 
tion of the data bearing on the relation of temperature to final height 
of the plants is complicated somewhat by the fact that the tests 
conducted at different temperatures were not continued for the same 
number of days. The average duration of all tests was approximately 
50 days. When the data on final height in table 1 are adjusted on 
this basis, it appears that with all varieties and all day lengths 
employed increase of temperature from 71° to 77° F. materially 
increased the height of the plants. Further increase in temperature 
from 77° to 83° produced comparatively little effect. The final 
temperature increase from 83° to 89°, however, produced a further 
marked increase in plant height, this effect increasing somewhat with 
increase in day length. Even the unadjusted data of table 1 show 
on the whole a decided increase in height of the plants with increase 
in temperature. 

The effects of varying the daily period of light on the number of 
nodes produced by the individual plant were similar to the effects 
on final height of the plants. In the Biloxi the number of nodes 
tended to increase more or less uniform.ly with increase in day length, 
whereas in the Mandarin and Peking the relative increase in number 
of nodes produced with increasing day length was much more marked 
in the region of the critical light period. The effects of temperature 
on the number of nodes produced and the average length of internodes 
become more clearly defined when the observed data are adjusted to 
a basis of 50 days as the duration of each test, as was done in consider- 
ing temperature effects on the final heights of the plants. On the 
whole, the number of nodes, especially in the Biloxi, tended to increase 
with the increase in temperature, and in the case of the other two 
varieties with the increase from 71° to 77° F. At the higher tempera- 
tures employed, especially at 89°, increase in the photoperiod pro- 
duced a pronounced increase in the average length of internodes in 
the Peking and Mandarin, but in other cases showed little or no 
consistent effect. Increase in temperature from 71° to 77° produced 
a definite increase in length of internodes in each variety and at all 
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lengths, and there was a further increase in internode length, 
mainly in the Mandarin, at 89°, the highest temperature employed. 
On the whole, length of internode was least affected by temperature 
in the Biloxi and m.ost affected in the Mandarin. 

The data obtained with sugar beets are too limited to afford a 
comprehensive picture of the interrelationship of temperature and 
duration of illumination as affecting reproductive activity, but they 
throw considerable light on the subject. The beet is recognized as 
being a pronounced long-day type, and it has been found by several 
investigators also that in this plant stem elongation, flowering, and 
seed formation are favored by relatively low temperature. In the 
present tests flowering occurred in 65 days with an 18-hour day and 
with continuous illumination at a temperature of 60° F., but with 
increase of temperature the 18-hour light period progressively de- 
creased in effectiveness. With continuous light, however, the time 
elapsing from germination to appearance of first blossoms decreased 
with increase in temperature up to 73°. It does not follow, of 
course, that maximum amount of flowering and fruiting would occur 
at the higher temperature. Under the conditions and for the dura- 
tion of the tests there was no stem elongation or flowering with light 
periods shorter than 18 hours. In all cases there was considertihle 
enlargement of the root. 

In earlier experiments in the greenhouse, conducted by Garner in 
collaboration with Allard, the results of which have not been pub- 
hshed in detail though briefly referred to in a nontechnical paper {3), 
several varieties of table beet as well as sugar beet developed seed- 
stalks and flowered freely without material thickening of the root 
when exposed to a 16- to 17-hour day and a mean temperature of 
about 55° F. The plants received the full day of winter supple- 
mented with high-intensity artificial light till midnight, and the daily 
range in temperature was about 10°. The time required for flowering 
was 130 to 135 days from germination. With similar illumination 
and a mean temperature of approximately 72° no stem elongation or 
flowering occurred, but there was decided enlargement of the root and 
the leaves were quite long. Under the short-day conditions there was 
no stem elongation at either temperature during the period of the 
tots, while there was more pronounced thickening of the root at the 
than at the lower temperature. In a prior experiment with the 
tabm beet {6)^ large roots taken from winter storage and grown under 
outdoor conditions of temperature and full day length in late spring 
s^n flowered. Similar plants exposed to a 10-hour day procfuced 
short seedstalks, but the apical buds subsequently developed into leaf 
rosettes and there was no flowering. 

^ hours and a mean temperature ol 

65 I . or shghtly lower, Skuderna ^ obtained flowering within 75 days 
in sugar beet seedlings growing in the greenhouse. Supplementing 
daylight wth h%h-mtensity electric light for the entire night and 
avoidmg the high temperatures of midsunamer, Munerati (9) was able 
o Srow five generations of beets in 1 year, obtaining mature seed in 
02 to 66 days after plantmg. With a temperature of 50° to 66°, 
f (I) obtamed elongation of seedstalks but no flowering in 

_aDie beets exposed to an 8-hour day, and sugar beets failed to proihice 

Skuderna, A W. photoferiodism. Amer. Beet Sugar Oo„ Eeaearch I>ept. 1926. (tTu published. 1 
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seeds talks under the short-day conditions. With continuous illumi- 
nation flowering occurred, even at a temperature of 70"^ to 80°. 

It seems clear that the beet, which is a long-day type, differs also 
from the soybean, a short-day type, in that the temperature range 
favorable to reproductive activity in the former is considerably lower 
than that favoring reproduction in the latter. On the other hand, it 
appears that within the favorable range of temperature the time 
elapsing from germination to appearance of first blossoms in the beet 
tends to decrease with increase of temperature in much the same way 
as in the soybean. In either case change in temperature may modify 
to some extent the response to length of day, and vice versa, although 
it does not necessarily follow that the mode of action of temperature 
and of day length is the same. Apparently the beet does not require 
a winter rest period and commonly behaves as a biennial only because 
in most situations it is grown under combined conditions of light and 
temperature that are more or less unfavorable for reproductive 
activity. 

The data in table 6 indicate that the critical light period for Rud- 
beckia is 13 hours or somewhat shorter, at least for the temperatures 
employed. Beyond this point increase in the day length up to 18 
hours decreases the time elapsing from germination to appearance of 
first blossoms, but the 18-hour day is as effective as continuous light. 
The final height of the plants increases with increase in day length up 
to 18 hours. Increase in temperature from 77° to 83° F. decreases the 
time elapsing from germination to first flowering and increases the 
final height of the plants, Rudbeckia, a long-day type, resembles the 
beet in its response to length of day, wliile it rather closely resembles 
soybeans in its temperature requirements. As in the case of both the 
beet and the soybean, within the range of temperature favorable to 
reproductive activitj^ the time elapsmg from germination to first 
flowering decreases with increase of temperature. 

From the standpoint of the interrelationship of length of day and 
temperature as environmental factors, soybeans, sugar beets, and 
Rudbeckia may be regarded as representing three somewhat contrasted 
types with respect to reproductive response. For the beet, a com- 
bination of long day (or continuous light) and cool temperature affords 
optimum conditions; for Rudbeckia bicolor ^ a combination of long day 
and warm temperature; and for late-maturing (Biloxi) soybeans, a 
combination of short day and warm temperature. The early-maturing 
(Mandarin) soybean differs essentially from the late-maturing variety 
only in that it has a considerably longer critical light period, and in 
this respect the medium variety (Peking) occupies an intermediate 
position. The fourth possible type of juant, in which reproductive 
activity is favored by a short day combined with cool temperature, is 
not represented in the present experiments. The work of Gilbert {8) 
indicates that Cosmos is a representative of this type. 

During the open growing season of temperate regions the mean 
temperature tends to decrease with increase in latitude, although 
locally such factors as altitude may modify tins tondency. There is 
definite increase in length of day, of course, with increase in latitude. 
Accordingly, in most situations the beet would be more likely to 
behave as an annual at very high latitudes. For Rudbeckia bicolor the 
favorable effect on reproductive activity of the long days of very high 
latitudes might be offset by the lower mean temperature. In high 
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latitudes the lower temperature would be uufavorable alike to the 
early and late varieties of soybeans, but the latter, because of their 
shorter critical light period, would be at a distinct disadvantage as 
compared with the former. Plants of the type to which Cos7no,s 
belongs probably are better adapted to relatively high latitudes than 
is the group represented by the late-maturing variety of soybeans, for 
although the two groups have similar day-length requirements the 
falling temperature of late summer or early fall is more favorable for 
the former. 

SUMMARY 

Fairly extensive observations were made on response to length of 
day of early-, medium-, and late-maturing varieties of soybeans grown 
at mean temperatures of 71^^, 77°, 83°, and 89° F. under controlled 
conditions. Limited observations also were made on sugar beets 
grown at mean temperatures of 60°, 65°, and 73°, and on Rudbeekia 
bicolor Nutt, grown at mean temperatures of 77° and 83°. The plants 
were grown with liigh-intensity illumination from gas-filled tungsten- 
filament lamps in specially constructed chambers, and various day 
lengths were used. 

With the artificial climates employed the reproductive response ol 
soybeans to length of day agreed closely with results previously ob- 
tained with natural illumination under comparable conditions. With 
the artificial climates it was found possible to satisfactorily duplicate 
results. 

At each of the temperatures employed there was definite contrast in 
the response of the three varieties of soybeans with respect to the 
critical day length for flowering, that is, the maximum length of day 
at which the plants tended to become reproductive. With favorable 
temperature conditions the critical light period for the early variety 
(Mandarin) was found to be in the region of a 17-hour day; that of the 
medium variety (Peking), around a 15-hour day; and that of the late 
variety (Biloxi), between a 13-hour and a 14-hour day. The optimum 
day length for flowering was not sharply defined, but that of the Man- 
darin seemed to range from approximately 11 to 13 hours, that of the 
Peking from 9 to 12 hours, and that of the Biloxi from 8 to 10 hours. 

The soybean was found to have a relatively high temperature 
requmement, and there appeared to be only slight differences in the 
requirements of the three varieties used in the tests. The lowest 
mean temperature employed (71° F.) delayed flowering in each of 
the varieties at all day lengths. Temperature differences altered 
the critical fight periods to a limited degree, but there were no marked 
contrasts in these effects on the three varieties. Response to length 
of day appears to be primarily responsible for the fact that the Man- 
darm, Peking, and Biloxi normally behave as early, medium, and late 
varieties, respectively. 

The total number of fight hours elapsing from germination to 
appearmce of first blossoms increased with increase in length of the 
daily light period, maximum efficiency of the light being attained 
mth the shortest day length capable of maintaining the plant. The 
efl^iency of the fight energy increased with increase of temperature. 

Because of the small number of individuals grown in each test and 
growth rate, only tentative contusions may be drawn 
irom the data obtained on growth relations in the soybeans. At the 
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higher temperatures the average daily growth rate during the pre- 
flowering stage increased with increase in day length, but at 71° F. 
temperature appeared to be the chief limiting factor. The flnal 
height of the plants tended to increase with increase in the daily light 
period. The height at time of flowering as well as the final height 
tended to increase with increase in temperature. Increase in length 
of day increased the number of nodes produced, but did not greatly 
afl‘ect the length of the intemodes except that in the Mandarin and 
Peking there was a marked increase at the higher temperatures. 
Increase in temperature also tended to increase both the number of 
nodes and their length, the latter eftect being most obvious with the 
increase from 71° to 77°. 

The sugar beet has been found to be a pronounced long-day type, 
and it also differs from soybeans in that the range of temperature 
favorable to reproductive activity is relatively low. The strain of 
sugar beet used in the tests flowered in 39 days when exposed to con- 
tinuous light and a mean temperature of 73° F. As the daily light 
period decreased, lower temperature became increasingly favorable 
to flowering. Apparently the beet commonly behaves as a biennial 
rather than as an annual only because in most situations it is grov n 
under combinations of day length and temperature that are more or 
less unfavorable to reproductive activity. 

Rudbeckia licolor resembles the beet in being a long-day type, while 
its temperature requirements are very similar to those of soybeans. 
The final height of the plants was found to increase with increase in 
day length up to 18 hours and with increase of temperature from 77° 
to 83° F. 

From the standpoint of the interrelationship of length of day and 
temperature as environmental factors, soybeans, Rudbeckia bicolor, 
and beet represent three somewhat contrasted types with respect to 
reproductive activity. In late-maturing soybeans flowering and 
fruiting are favored by a combination of short day and warm tem- 
perature, in Rudbeckia by a combination of long day and warm tem- 
perature, and in the beet by a combination of long day and cool 
temperature. However, within the temperature range favorable to 
reproductive activity, whether this be warm or cool, in each instance 
increase in temperature hastens reproductive processes. The critical 
light period for flowering may be altered to a limited degree by tem- 
perature and, conversely, the favorable temperature range for flower- 
ing may be shifted by tne action of day length. 
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SCRIBNER VOLUME TABLES FOR CUT-OVER STANDS OF 
PONDEROSA PINE IN ARIZONA ^ 

By Ezra. M. Hohnibkook 

As>ioclate silviculturUl, fontierltj at the Aouth wentern Foreat and Range Experiynent 
Station, Forest Sernicc, United States Department of Agriculture 

INTRODUCTION 

In connection with recent growth studies of cut-over stands of 
ponderosa pine {Pinus ponderosa Laws.) in Arizona, the Southwestern 
Forest and Range Experiment Station found it expedient first to con- 
struct new volume tables to fit the cut-over stands. The necessary 
measurements were made on an existing logging operation on felled 
timber similar in form to the residual stand. This was in line with 
Meyer’s findings in his analysis of data on ponderosa pine forests 
in the Pacific Northwest, that volume tables of this species may 
apply equally well to virgin stands or cut-over stands in that type, 
provided an adjustment is made in computing stand volumes where 
the cutting has greatly disturbed the balance of form classes. 

On the basis of these data it is the purpose of this paper to present 
(1) Scribner board-foot volmne tables obtained from an equation 
(having only a small residual error adapted to the computing of 
volume increment in cut-over stands of ponderosa pine, and (2) a 
comparison of the ^‘blackjack”, ^finterinediate”, and ‘^yellow pine” 
forms of the species as to volume. These tliree terms, in common use 
locally, are employed to designate the three distinctive growth forms 
of ponderosa pine, namely, the very tapering immature trees with 
their dark, deeply furrowed, and narrow-plated bark; the transitional 
form with reduced taper and lighter bark; and the mature ‘‘yellow” 
pine, full-boled, with wide-plated, shallow-furrowed, yellowish-brown 
bark. 

CHARACTER OF DATA 

The data used in this investigation were collected in 1932 from 
trees felled during lumbering operations of the Cady Lumber Cor- 
poration on five sections on the Sitgreaves National Forest, Ariz. 
The stand was pure ponderosa pine, considered typical of the volcanic 
formation of the Southwest known as the Malpais soil type. The 
height of mature dominant trees averaged 95 feet. The area is gently 
rolling with low flat-topped hills and wide shallow canyons. Its aspect 
is in general southwesterly, and the altitude is about 7,500 feet. 

As indicated above, since the volume tables were to be applied to 
cut-over stands, measurements were made only on trees (selected at 
random) of a type approximating as nearly as possible that of the 
trees reserved in Forest Service cutting, i. e., normal, live-topped 
trees free from external defects. Care was taken to reject trees with 

1 Received for publication Mar 2, 1936; issued July 1936 

* MEVER, W. H. EFFECT OP RELEASE UPON THE FORM AND VOLUME OF WESTERN YELLOW PINE. Jour, 
Forestry 29 1127-1133, illus 1931 

* Acknowledgment is due the staff of the Southwestern Forest and Range Experiment Station and the 
personnel of the Sitgreaves National Forest for help m collecting the field data 

* “Residual error" as used here refers to variations m volume that are not dependent upon variations in 
diameter and height. 
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defects (such as bad fire scars, dead or bayonet tops, forked tops, or 
severe lightning injury) that would result in abnormality of diameter, 
height, or bark thickness. 

With mean ground level as the base, diameter and bark measure- 
ments were taken on each tree with adjusted calipers to the nearest 
0.1 inch at heights of 1, 3, 4.5, and 10 feet, and at intervals of 8 feet 
above that, with, usually, a shorter interval at the tip. The value 
recorded in each case was the mean of two measurements taken at 
right angles^. The diameters at breast height ^ were remeasured with 
a diameter tape as a check on the caliper measurements. Bark 
thickness was measured to the nearest 0.1 inch with a Swedish bark- 
measuring instrument; the figure recorded for bark thickness was 
the sum of two measurements taken at points diametrically opposite. 
Total height was measured to the nearest 0,1 foot with a steel tape. 

The three-man crew collecting the field data were experienced 
both in Forest Service timber-marking practice and in ponderosa 
pine timber-sale work in Arizona, New Mexico, and Idaho. In 
classifying trees as blackjack, intermediate, or yellow pine, each 
tree was analyzed on the basis of character and color of bark, shape 
and condition of crown, and character of tip. In case of disagree- 
ment among the three men, the classification agreed oh by two was 
accepted. Since age was found to be a fair criterion of classification, 
judgment on this point was checked by a count of annual rings on 
the stump. Diameter and height growth of ponderosa pine is 
normally slow; the range and mean age of the three groups was found 
to be: 40 to 165 years, with a mean of 109, for blackjacks; 110 to 
250 years, with a mean of 176, for intermediates; an^l 180 to 410 
years, with a mean of 270, for yellow pines. 

ANALYSIS OF DATA^ 

Each tree for which data were plotted was scaled by the Scribner 
log rule in 16-foot saw logs with trimming allowance" of 0.3 foot, a 
stump height of 1 foot, and a top diameter of 8 inches inside bark. 
Top sections less than one full saw log were scaled as fractions of a 
16-foot 8-iach saw log. A multiple correlation ^ of logarithm of 
(volume— 6,6) with logarithm of (diameter breast high inside bark — 
Sinch^) and logarithm of (height— 4.5 feet) was made for 119 black- 
jacks by methods described by Schumacher and Hall.® The calcu- 
lated statistics are given in table 1. 


Table l—Means and standard deviations of the logarithms of {diameter breast 
high inside bark, in inches — 8), {total height, in feet — Jf..6) , and {volume in hoard 
feei—6.6); and gross correlation between logarithms of the variables, for 119 
blackjacks 


Variable 

(X) 

1 

Mean 

(M) 

Standard 

deviation 

(ff) 

Correlation 

ooefiicient 

(r) 

Xi = LoganthaA of ( volrmoe inboardfeet— 6 61 

Logarithm 

Afi=l.99ll 

TLfoss 

logarithm j 

Ori = 0 6160^ 

ri2«=+0 9657 

V 2 =Logaritbm of (diameter breast high inside bark m 
mches-8) 

Vs = Logarithm of (total height in feet -4 6) 

1.7689 ! 

vs“ .6990 

ri8“+ .7289 
rzimJr .6199 


5 4 6 feet above tbo ground: abbreviated d. b. h. 

S^rvloe for assistance 

in^voIuSe^^ eoordmates is placed at 8 mobes d b. h., 4.5 feettia total feelgbt, aad 6.6 board feet 

Agr® “FaBsmoN 6 j uasAftorosi vowmb. Jour. 
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The logarithimc regression equation for these statistics, com- 
puted according to the method given by Yule,^ is 

log (volume— 6 . 6 ) = 6|2 a log (diameter breast high inside bark~ 8 )+ 6 i 3 2 
log (height— 4,5)+ log (of the constant term), 
or 

Xi=^1.1151.Y2+1.1555Z3— 0.7343, 

and the multiple correlation coefficient . 2 a— +0.9715. The co- 
efficient of multiple correlation measures the combined importance 



-.ou -.ou -.•^u U 4U bU -OU I.UU [ I 4U 

O X 2 = LOGARITHM OF (D.B.H. INSIDE BARK IN INCHES-S) 



(.4 1.5 1.6 1.7 1.8 1.9 2.0 

X3= logarithm of (total height in rEET-4.5) 


Figure i,— Graphic test of the linearity of a logarithmic volume equation based Qn measurements of U9 

blaokjaote trees. 

of X 2 and Xz as a means of explaining the differences in Xi, 0 and 
1 equaling no correlation and perfect correlation, respectively. 

The test of the linearity of the relationship of the logarithm of 
(volume — 6 . 6 ) to the logarithms of (diameter breast high inside 
bark — 8 ) and (height —4.5) was made by comparing the actual Xi 
value of each tree with the estimated Xi value. The estimated Xi 
values were read from an alinement chart constructed from the volume 
equation. The results are presented in figure 1 . The fit of the data 
to the calculated equation is very good, 

9 Yule, G. U, an introduction to the theory of statistics, Ed. 8, rev., 422 pp., iilua. London. 
1927. (See pp. 229-252.) 
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The same type of equation was fitted to tlie data of the interme- 
diate and yellow pine groups and to the combined group of blackjacks 
and intermediates. The grapliic tests for linearity are given in figures 
2, 3, and 4, in wliich, as also in figure 1, the dependent variable is the 
logarithm of board-foot volume by the Scribner log rule to a constant 
top diameter of 8 inches, less 6.6 board feet. In every case the fit 



Fiouee 2.— Graphic test of the linearity of a logarithmic volume equation based on measurementb of 118 

intermediate trees. 


of the data to a straight line is excellent and confirms the hypothesis 
presented by Schumacher and Hall.^^^ The logarithmic regression 
coefficients, the constant term, and other statistics for the data of 
each of these groups are given in table 2, 

» SCHtTMACHEE, F X , and Hall, F nos S See footnote 8 

u ‘"Timber-tree volume equations of the power or logarithmic type in terms of diameter and height are 
dejiced from known volume equations of geometrical solids on the theory that the volume of the tree ctem, 
QnBke that of the geometrical solids, may vary not directly as height and as the square of diameter, but as 
other pow^ of these dimensions in both cubic feet and board feet. The theory is tested by transforming 
ti» power equation into a linear one in logarithms and calculating the logarithmic regression equations for 
avaflabJe tree data/' 
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1 . ^ 1 1 1 1 1 > 1 1 1 — 

.2 0 .40 .60 .80 1.00 1.20 1.40 1.60 


X2 LOGARITHM OF (D.B.H INSIDE BARK IN INCHES-8) 



X3= LOGARITHM OF (TOTAL HEIGHT IN FEET -4-5) 


Figure 3.— Graphic test of the linearity of a logarithmic volume equation based on measurements of 174 

yellow pine trees. 

Table 2. — Logarithmic regression coefficients^ constant terms, and other statistics 
for blackjacks, intermediates, and yellow pines, and blackjacks and intermediates 
combined, for each of which groups the logarithmic equations of Scribner board- 
foot volume were calculated 


Class 

Partial regres- 
sion coefficients 

Constant 

term 

Means 

* biz 1 

2 

Mt 

' Mz 

A/3 

Blackjack 

1. 1161 

1. 1068 

1 3183 

1, 1201 

1. 1656 
1.3627 

1 2943 

1 3329 

“0 7343 
-1 0793 
-1 1479 
-1. 0696 

Log 

1.9911 

2 4363 

2 8002 

2. 2081 

Log 

0 6216 
8996 

1. 1220 
.7694 

Log 

1. 7589 
1. 8492 
1. 9076 

1 8060 

Interriiediate - 

Yellow nine _ . . . 

Combined blackjack and intermed 

late.. 


Class 

Standard deviations 

Trees 

Stand- 
ard er- 
ror of 
esti- 
mate 

<ri 23 

Gross 
correla- 
tion coef- 
ficient 
rn 

Multi- 
ple cor- 
rela- 
tion 
coeffi- 
cient 

i?l 23 

Coeffi- 
cient of 
deter- 
mina- 
tion 


<r2 


Blackjack 

Log \ 
0 5160 
3169 
.3203 

.4837 

Log 
0.3787 
2154 
. 1907 

.3371 

Log 

0 0990 
0623 
.0610 

.0938 

Number 

119 

118 

174 

237 

Log ! 
0 1224 
0863 
.0700 

.1032 

+0 6199 
-f 6644 
-4-. 7117 

+.6896 

0 9716 
.9622 
9758 

.9770 

0 9437 
9259 
,9622 

.9646 

Intermediate 

Yellow pine - 

Combined blackjack and interme- 
diate,. 
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The coefficient of determination, 23, shows the percentage of 
variance in log (volume — 6.6) that is associated with variance in log 
(diameter breast high inside bark —8) and log (height —4.5). The 
coefficient of determination for yellow pine is shown by table 2 to be 
95.22 percent. Thus only 4.78 percent of the variance in log (volume 
—6.6) is due to factors other than log (diameter breast high inside 
bark —8) and log (height —4.5). Accordingly these factors were 



M- 1.5 1.6 1.7 1.8 1.9 2.0 

X 3 = LOGARITHM OF (TOTAL HEIGHT IN FEET -4.S) 


Fhjubk 4.— Graphic test of the linearity of a logarlthinic volume equation based on measurements of 237 
blackjack and intermediate trees. 

not considered in these computations. It should be noted, however, 
timt the standard error of estimate, cri 03, is a measure of the accuracy 
with which the estimated log (volume — 6.6) agrees with the actual 
log<(volume —6,6) of the trees used in the study. From table 2 we 
find that the logarithmic volume equation for yellow pine is 

= 1 .31 83 Z2+ 1.2943 Z3- 1 .1479, 
and that the standard error of estimate is ± 0.0700. 

COMPARISON OP VOLUME EQUATIONS 

Comparison of the volume equations of blackjacks, intermediates, 
aim yellow pines resolves itself into a test of the significance of the 
difierence in the log (volume — ^6.6) of individual trees of a given diam- 
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eter breast high and height, as estimated by the volume equation cal- 
eulated for each group. This test was accomplished through the use 
of the standard error of the function, i. e., of the regression equation, 
as given by Miner and as applied to volume-table tests by Schu- 
macher and Hall.^^ 

With the logarithmic equations as the functions and twice the 
standard error of the difference between values as calculated by two 



X2= LOGARITHM OF (D.B.K INSIDE BARK IN INCHES -8) 


Figure 5 —Graphical representation of the test for determining the significance of the difference between 
the volume equation of the blackjack group and of the intermediate group. The volumes computed by 
the equations for these two groups are not significantly different 

functions for trees of the same size as the lower limit of significance,^'^ 
tests were made between blackjacks and intermediates, blackjacks 
and yellow pines, and intermediates and yellow pines. Graphic 
representations of the tests are given in figures 5, 6, and 7, in which 

li Miner, J R the sta.ndard error oe a multiple regression equation. Ann. Math. Statis 
2. 320-323 1931. 

13 Schumacher, F. X., and Hall, P. dOwS B. See footnote S. 

n Roughly, the point at which the odds are 1 to 20 that the two samples came from the same universe, 
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each small cross (+) indicates the pairs of values of X 2 , Ay for which 
volumes were computed bv each ectuation. The number neai each 
cross is the ratio of the difference in volume, computed by each equa- 
tion, to the standard error of the difference. A ratio of 1.9599 or 
larger is considered significant. It should be noted that the area 



Figube 6 .— -Graphical representation of the test for determining the significance of the difference between 
the vol-ome equation of the yellow pme group and of the blackjack group. The volumes, as estimated by 
the two equations, are significantly different excepting in the region of V 2 , V 3 , lying between the two con- 
tours. 


between the contours of two «Mndard errors of the difference repre- 
sents the distribution of logariAms of (diameter hreast high —8) and 
(height —4.5) in which there is no significance or where either volume 
equation could be used satisfactorily. || 

Since there was no significant difference betv^eeti the equations for 
blackjacks and intermediates, these grouf)s were combined and 
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compared with yellow pines. Figure 8 is a graphic representation of 
this test and shows that the volume equations for blackjacks and in- 
termediates combined is significantly different from that of yellow 
pines throughout the major part of their range of diameters and 
heights. Applying the data used in this test to figure 8, it was found 



X2= logarithm of (d.b.h. inside bark in inches -8) 


Figure 7.— Graphical representation of the test for determining the significance of the difference between 
the volume equation of the yellow pine group and of the intermediate group. The volumes, as estimated 
by the two equations, are significantly different excepting in the region of Vs, V 3 lying between the two 
contours. 

that 10.9 percent of the yellow pines and 43.4 percent of the black- 
jacks and intermediates combined fell within the region of no signifi- 
cance or where either equation could be used satisfactorily. This 
means, so far as these data are concerned, that two volume tables 
should be constructed, one for yellow pines and one for the combined 
group of blackjacks and intermediates. 
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ALINEMENT-CHART VOLUME TABLES 

The aliaement-chart form of volume table is especially valuable for 
use in growth or iiicrenient studies, since it makes it possible to use 
diameter measurements to the nearest one-tenth inch and height 



FiatTEB 8. — Graphical representation of the test for determining the slgniflcance of the difference between 
the volume equation of the ydlow pine ctoup and of the combined blackjack-intermediate group. The 
volumes, as computed by the two equations, are significantly different excepting m the region of X 2 , Xs, 
lying between the two contours. 

measurements to the nearest foot and to determine volumes of small 
and large trees with the same relative degree of accuracy. 

The logarithmic form of the volume equations which have been 
presented is readily expressed in alinement-chart form. Three 
straight parallel axes for log (diameter breast —8), log (volume 
—6.6), and log (height —4.5), respectively, hsed^ upon which 
the logarithmic functions of the variables are g^^tcated in the arith- 
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metic scale. Corrections are made for constants that were sub- 
tracted from the variables before these were entered into logarithms, 
i. e., to volume is added 6.6 board feet, to diameter breast high 
inside bark is added 8 inches and double bark thickness, and to 


D B H 
INCHES 

OUTSIDE INSIDE 
OF BARK OF BARK 


50 —r 


2e~ 
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SD 
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1000 
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TOTAL 
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FEET 


Figure 9.— Alinement-chart volume table for mature pobderosa pine (yellow pine). 


height is added 4.5 feet. Figures 9 and 10 represent the volume 
tables in their final alinement-chart form. Tables 3 and 4 give the 
data in tabular form, 

16 Bruce, D , and Reineke, L. H. correlation alinement charts in forest research: a method 
OF SOLVING PROBLEMS IN CURVILINEAR MULTIPLE CORRELATION U 8 Dept. Agr. Tech. Bull 210, 88 pp., 
JllUS 1931. 
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FrouaE 10 “Alinement-chart volume table for immature ponderosa pine (blackjacks and intermediates) # 
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Tablk ‘d. -Board-foot volume table, Scribner rule, for yellow pine (mature jjonrlerosa 

pine) ^ 


Diameter breast 
high 


Outside 

bark 

<inches) 


Volume when the total height of tree is- 


Inside 

bark 

(inches) 

40 feet 

50 feet 

60 feet 

70 feel 

80 feet 

90 feet 

100 feet 

1 10 feet 

120 feet 

(trees) 


Board 

Board 

Board 

Board 

Board 

Board 

Board 

Board 

Hoard 



feet 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

feei 

Numher 

9. 10 

15 

18 

22 

25 






1) 

9 75 

22 

28 

34 

40 






1 

10. 50 

31 

40 

.50 

60 

71 





2 

11 25 

41 

54 

68 

82 

98 





0 

12 08 

53 

70 

89 

108 

128 

149 




2 

12. 90 

66 

88 

112 

137 

163 

UK) 

218 



2 

13 80 










2 

14 70 

96 

129 

166 

204 

244 

284 

327 

370 


5 

15 65 

16 60 

113 

IBS 

197 

240 

288 

337 

391 

387 

448 

440 

508 

575 

5 

17 ’. 50 

147 

1 / ( 


317 


444 

514 

1 582 

660 

9 

18 43 

225 

290 

,359 

480 

498 

578 

656 

740 

10 

19. 35 


261 

322 

399 

479 

560 

645 

730 

825 

10 

20. 25 


278 

360 

440 

530 

622 

717 

Hit) 

915 

1(1 

2L 30 


306 

397 

488 

590 

690 

790 

895 

1,016 

15 

22 30 1 


339 

435 

537 

645 

755 

870 

984 

1 , no 

13 

23. 26 


369 

473 

585 

707 

821 

946 

1,075 

1,210 

12 

24. 15 


398 

514 

635 

760 

890 

1,026 

1, 164 

1, 300 

14 

25. 10 


A^r\ 

658 

690 

825 

964 

1, no 

1,265 

1,420 

14 

26.10 



603 1 

740 

890 

1,040 

1,200 

1,362 

1,626 

5 

27. 10 



644 

787 

960 

1, 107 

1, 277 

1.445 

1, 630 

n 

28 00 



688 

840 

1,016 

1, 185 

1,360 

1,640 

1,744 

7 

29 00 



727 

895 

1,080 

1,255 

1,445 

1,640 

1,868 

6 

30 00 



770 

947 

1, 146 

1,333 

1,630 

1,740 

1,970 

1 

2 

31.00 



820 

1, 000 ' 

1,210 

1 409 

1, 624 

1, 846 

2, 100 

31 95 { 




1, 0.57 

1, 275 

1,480 

1,710 

1, 960 

2,210 

4 

32 90 




1 112 

i;346 

1, 558 

1,800 

2, 060 

2, 320 

2 

33.90 




1,168 

1, 400 

1,640 

1,890 

2, 164 

2, 426 

1 

34.80 ; 




1 225 

1,466 

1, 720 

1,990 

2, 270 

2, 520 

2 

35 75 




1,270 

1,630 

1,790 

2,090 

2, 370 

2, 650 

0 

36 80 




1. 345 

1,610 

1, 880 

2,193 

2, 480 

2, 790 

0 

37 80 ; 





1,694 

1,989 

2, 300 

2, 600 

2,910 

0 

38 80 





1,760 

2, 080 

2, 400 ^ 

2,710 

3, 060 

1 

39 81 





1,850 

2, 180 

2, 500 " 

2, 840 

3, 200 

0 

40.90 





1,930 

2,275 

2, 600 

2, 952 

3, 35P 

0 

(tree.s) 

0 

3 

2 

19 

63 

56 

22 

9 

0 

174 


I Block indicates extent of basic data Prepared by the method of least squares. Basis' 174 trees meas- 
ured by the Southwestern Forest and Range Experiment Station on the Sitgreaves National Forest, Ariz. 
Malpals area: Average height of mature dominant trees, 95 feet; stump height, 1 foot; top diameter Inside 
bark, 8 Inches; scaled in 16-foot log lengths with trimming allowance of 0 3 foot, additional top sections 
scaled as fractions of 16-foot, 8-inch log. Aggregate deviation, chart 0 43 percent low, average percentage 
deviation trees 10 inches +, 8.5 percent; values read from alinement chart. 


In using these volume tables, discretion is necessary. It should be 
remembered that they will give results within the standard error 
specified only if they are applied to trees growing in stands similar 
to those from which the data were taken. It does not appear, however, 
that this limitation will greatly restrict the use of the volume tables 
on stands cut under present Forest Service cutting practice. 
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Table 4. — Board-foot volume table, Scribner rule, for blackjacks a?id intermediates 
{immature ponderosa pines) 


Diameter breast 
high 



Volume when the total height of tree i.s-~ 



Basis 

drees) 

Outside 

bark 

(inches) 

Inside 
bark 
(inches ) 

30 feet 

40 feet 

50 feet 

60 feet 

70 feet 

80 feet 

90 feet 

100 feet 

110 feet 



Board 

Board 

Board 

Board 

Board 

Board 

Board 

Board 

Board 

Num- 



feet 

fed 

feet 

feet 

feet 

feet 

feet 

feet 

feet 

h(T • 

10 

8. 07 

10 

12 

14 

15 






4 

11 

8.97 

15 

^ 

23 

28 

32 





1 1 

1 1 

12 
13 1 

10. 75 

21 

29 

39 

49 

60 

71 

82 




21 

14 

11.64 

37 

50 , 

65 

80 

95 

111 




10 

15 

12 55 

46 

64 

82 

102 

122 

143 




24 

16 

13 45 



101 

127 

1.52 

177 




1.5 

17 

14. 33 


92 

122 

152 

182 

213 

248 



22 

18 

15.23 


109 

144 

179 

215 

252 

291 



16 

19 

16. 13 


126 

167 

207 

250 

292 ! 

338 



19 

20 

17 04 



190 

239 

286 

336 i 

387 

440 

496 

20 

21 

18.00 



210 

272 

326 

381 

441 

504 

561 

663 

6:i3 

10 

22 

18 85 



242 

303 

364 

428 

497 

19 

23 

19, 78 




336 

405 

476 i 

562 

626 

702 

6 

24 

20 60 



296 

370 

446 

623 

609 

688 

770 

10 

25 

21 55 



324 

408 

492 

678 

667 

758 

847 

7 

26 

22 47 



364 

442 

536 

628 

724 

824 

925 

1 

27 

23. 30 




482 

582 

682 

785 

892 

998 

3 

28 

24. 22 




520 1 

627 

733 

847 

965 

1, 078 

1 

29 

25 07 




560 

673 1 

785 

910 

1, 040 

1, 155 

3 

30 

26.00 





726 

850 1 

980 ] 

l,il6 

1, 26.5 

3 

31 

26 90 





776 

910 ! 

1,066 1 

1,200 

1,360 

1 

32 

27.85 





830 

970 

1,122 

1,280 

1,448 

0 

33 

28 75 





885 

1,035 

1.200 

J, 365 

1,540 

0 

34 

29.60 






1,095 

1,265 

1,450 

1,630 

0 

35 

30 50 






1,154 

1,349 

1, .53,5 

1,730 

0 

Basis (tr 

ees) 

2 

4 

31 

60 

70 

50 

27 

3 

0 

237 


1 Blook indicates extent of basic data. Prepared by the method of least squares Basis. 237 trees meas- 
ured by the Southwestern Forest and Range Experiment Station on the Sitgreaves National Forest, Ariz. 
Malpais area: Average height of mature dominant trees, 95 feet; stump height, 1 foot: top diameter inside 
bark, 8 inobes; scaled in 16-foot log lengths with trimming allowance of 0.3 foot, additional top sections 
scaled as fractions of 16-foot, 8-iucn log; aggregate deviation, chart 0.12 percent high; average percentage 
deviation trees 12 inches +, 13 0 percent; values read from almement chart. 


SUMMARY AND CONCLUSIONS 

This paper presents the methods and findings in the development 
of Scribner board-foot volume tables for cut-over stands of ponderosa 
pine pn tibe Malpais soil type in Arizona. Improved methods of 
comparing the volume of the three age classes of ponderosa pine 
(bia^hjacks, intermediates, and yellow pines) are described. The 
methods used, which follow the technique developed by Schumacher 
^4 Hall, represent a radical departure from the methods heretofore 
used in constructing volume tables. 

The tables are presented in alinement-chart and tabular form. 

Tot Scribner board-measure rule and for the data used in this 
study, ih^ following conclusions may be drawn: 

(1) The volume equation for blackjacks does not give a result 

sigmfic»rj:tly that for intermediates. 

(2) The vofeane equation for Yefiow pines does give a result 

significantly di®erent from lhat lor blackjacks Or from that for 
intermediates. - 

volume equation for gives a? r^ult significantly 

different from that for blaekjacte ii&feerm combined. 

, PRINT1K8 OPFICBi 19S6 j? 
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